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INTRODUCTION

As & partial fulfillment of the requirements in obtalning s Profession-
el Degree in Geophysical Enginnoring st the California Institute of Tech=
nology, Sponteneous Polarizetion method of electrical exploration was chosen
es the subject of this thesis. It is also known as “"self potentiel elec~
tricel prospecting” and "natural currents method,”

The object of this thesis is to present & spontanecus polarization ex-
ploretion work done by the writer, and to apply analyticel interpretation
methods to these field results.

The writer wes confronted with the difficulty of finding the necessary
informetion in & compleve veper about this methnd, The available papers are
ell too short end repeat the usuasl informatiocn, giving the same examples,.
The deoision was made to write e somprehensive paper first, ineluding the
writer's experience, and then to present the mein object of the thesis.

The following paper comprises three majer perivs:

1 - A comprehonsive treatment of the spontansous polarization method.
2 = Report of the field work.
% « Anelyticel interpretation of the field work results,

The mein reason in choosing this subjeect is that this method is the
most reliable, easiest and reguires the least equipment in prospecting for
sulphide orebodies on unexplored, rough terrsins.

The intention of the writer in compiling the theoretical end enalytie-
cel information hes been meinly to prepare & reference paper about this

method.
-
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EARTH CUREENRTS

There is always some difference in electrie potentisl betwson any
two points on the earth's surface, This difference, when measured be-
tween two points which ere not very far eway, is useslly very smsll,
such as 10 to 100 millivolts per kilometer., EHowever, soretines local
ebrupt potential gradients ere observed. They may reach L, millivolts
per foots These high potential differences ere accompanied by quite
large flows of current whioh cen be meesured by simple electricel eguip-
ment, making possible the detection of the hody thet csuses the local
slecirical ancmely.

Almost all kinds of differences of equilinrium, suech as chemical,
magnetic, mechanieal, thermel, give rise to naturel currents. 4is the
eerth's orust is highly hoterogenecus in e#ury respect, those matursi
currents are expected everywhere. The earth potentiasl between two
grounded points consists of seversl components which ¢sn be divided inte
two main ocmponents:

le Relatively steady components,.
8+ Eleotrode potentials (minimized by using nonepolerizable
electrodes).
be Potentials due to locel enomalies, such as oxidizing ore=
bodies, local electro-cepillary phenomena, etce
ce Negionel petentials, cmlled "telluric currents,™ emounting
to 10 to 100 millivolte per kilometer, according to place

and time of year. o



2+ Fluctusting potentials, casused meinly by magnetic activity.

From these consgiderations it seems thet the detection of the body
which is responsizle for the local potentisls, as im {1,b), is a very
conplicated proulem. liowever, in reality this is a rather simple proe
blems The electrode potentials can be minimized and controlled, lhe
localized phenomene, which are superposed over the widespread tellurie
currents, afn much more intense, so that & good sized locel anomsly hes
sn insignificert "tellurie™ component.

The fluectueting component is .closely related to megnetie sctivity
and sunspotse. It hes yeerly, monthly, deily end hourly components.
ihe effeot of these {luctuating earth currente is minimized by employe
ing relstively short separstions between the elestredes, In averere
areas the error caused by these currents is of minor importsnee if the
spresd is less than 500 feet.

Thus, the problem of geophysical exploration by msesuring the earth
currents is reduced to the study of the ecase 1,bs In the following -
peper electro-=chemicel snd slectrowocapillary phenomens will be exem=~

ined ss the causes of the spontanecus polarization activities.



HISTORICAL HACKGROURD

Recornition of elesotricel ectivities related to orebedies yoes
beck to 1830, when Ee We Fox stated thet such ourrents were due to
conueetions existing hetuee; different oretodies, or between differ-
ent perts of the same orebody. He cleimed that these phenomena in
orebodies "besr e striking resemblence to gelvanic combinations,”

Leter on, in 1870, W, Skey extended this subject by making lebore
story oxperiments on minerals.

In 1880 Carl Barus, investigating the eleotriocal sctivity over
the Comstock lode, concluded that "the electromotive foreces due pures
ly to chemical difference snd polerizetion of the terminals sre of the
seme order as the dete expressing the electric ectivity of the lode,"
The potentials thus found were vory smsll, snd electrical prospeoting,‘
measuring theses naturel ourrents, eppearsd to be impractical. Later,
discovery of orebodies showing lerge potentials, up to one volt, proved

the method %o be onme of the ocuistending geophysicel explorstion methods,.



GEQLOGICAL CONSIDERATIORS

It is edventagoous to treat the subject first from e geologiocel
point of view, im order to get ecqueinted with whet is observed in ore-
bodies dus to these electroechemical phenomena accompanied by netural
potantials,

1t is well known that ore deposits are often changed in their upe
per parts by descending serated meteoric waters, while the part below
the weter table is enriched by secondary processes, In the upper zone
sulphates, cerbonates, silicates, oxides, chlorides, arsenates, and na-
tive metals, and, in the lower zone, sulphides, tellurides, arsenides
end antimonides are found.

This process of chenge, usually called wesbthering, is sccompanied
by electrical activities end gives rise to e large number of cheriocal
resctions, Above the water teble oxidation takes plece; and the scle
uble products of exidetion are fixed ss insoluble sulphides, by reduce
ing reecticns, in the secondery eanrichment zone below the water itable.

& quertz snd pyrite mixture leaves s brown, spongy quartz end li-
monite mess called gossens Copper minerals elso yield gossen. 48 most
of the veins contein these elements, & gossan et and near the surfesce is
very ocommon in sulphide veins,

In genersal, oxidaticn extends to the water teble, but due to sev-

eral other factors, besides verietions in the weter table level, the
-
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depth of oxidetion shows & gresat varistion., It is 2000 feet deep in
Tintie, Uteh, and 100 feet in Luctown, Tennessee,

Aecording to lolman, the upper zone cen be divided into three sube
zones {rom the surface down to the weter table, These are: (1) zone
of complete oxidetion; (2) zone of complete leachings end (3) zone of
oxide enrichment whieh lies immedietely ebove the sulphides, The first
subzone includes the gossan which §hows limenite, hematite, residuel
gilien, residual gold, end silver chlerids,

Some of the possible resctions teking plece in the oxidized zone
are as follows: |

le Pyrite: FeS,+ 70 + i 0, = FeS0, + 1,50,
FPerrous sulphate oxidizes further, giving ferric sulphate:
2?:504 +30 + 35 0 = 2Fe, (50, o+ i’fe{{}i:')e
¥erric sulphate ylelds limonite as follows;
2Fe ,(SQ,), + 9H U = BFe 0, . JH 0 + 61 50,

2. Copper sulphides: Suppesing we have chalesopyrite,

CuFeS, + 80 = CuSO, + FeS0,
Copper sulphste may be retained in the oxidizing zone as followss
CusQ, +2Fes0, =Ca + 1?92(5;(5)3

2 CasQ, + 2 Ce(C0;) = CutO3(CulH), + 300, + e 50, + H 0
o L]

3Cu80, + 3H,Ca(CO,) = 20uC0; . Cu(CH). +3CasSQ + LCO, + 25 0
azurite

CuS0 + K Ca(C0,) + E, 840, = Cu0.H,8iC,+Cas0 +¥ 0 +00
o= R - » A

3» Zine sulphide free from pyrite:

ZnS + 40 = Zn80 , Whieh is scluble end earried
tdowne If pyrite is present, the ferric sulphate complicates

the resctions, end smithsonite (ZnC0;)} is formed,
-



Ure minerasls, after heving been converted into soluble sulphates
in the oxidation zone, ere carried down below the water table. Ihey
comg in cant#ct with reducing egents which reduce them mgein to insols
uble sulphides, giving rise to e secondary enrichment. The extent, or
even presenoe of this secondary earichment zone depends on several feactorsg
such a8 climate, elbtitude, relief, permeability, geologie history of the
locality, sand chemicel and minersl composition.

The exsct equations of the chemiocel remctions in the Qeeoadsry sul=
phide enrichment zone sre not very well known. Precipitation below the
water table mey be due to: (1) reduction of sulphates to metellic sul=
phides by oarboneceous matiter; (2} reduction by hydrogen sulphide; and
(3} resction of selts with sulphides.

Femections of seeccundary sulphide depesition invelve seversl intere
mediate steps. Vor example, the ohauge from pyrite to chaleoovite takes
pleace possibly as follows:

Pyrite - Chaleopyrite —lornite —Covellite —Chaloocite

fome of the eunriciment zone resotions are as follows:

2Cu${3 + E’it‘efs;— Cu,8 + 25&3{3 + 38
,jrite Lhe Iaocita

CulU, + (uifeS, = 20ul + FeSQ,
chaleopy. covellite

EuSQ + 2205 + 20 = CuFeS, +~_ose i-SG
chaicoyyro

Cu5£}4+ i,8 = Gud + H,80¢

H,80,
ZnsC + Fel = Znl + Vel + 8
4 27 - 4

wurczite

P‘;.‘::G +563 + f‘ = Pb3 + 1”'@5{: + Ss.,
t?ﬁrem




CAUSES OF SPORIANEQUS PULARIZATION

ie Elsctro-chemicel Consideretions

before poing into the detaii let us summarize the electrical phe=-
nomene connected with orebodies, 7The feollowing, Sehlumberger's explan=
ation, is very precise snd gsuiteble for ithis purpose:

"let us consider a pyrite lemns buried in the ground, more or less
vertically. Ve have here the eguivelent of e homegeneous metel, dip=-
ping in en ssymmetrie electrelyte, for the water imbibed in the ground
is not everywhere of the seme composition, Towards the surface snd
ebove the hydrostetic level, the water is aerated end rich in oxygen,
whereas at depth, it is not, because it is not reneweds 7The pyrite lens
end the surrcunding rocks therefore constitute an imuense neaturel bettery
of the type called s 'ges bettery.' The current moves therein, flowing
down towards the ore and coming up agein through the groupnd so as to
gonverge towards the top of the orebody. Owing to the slectrolysie there
is & fornation of hydrogen at the cathode-~-that is to say, at the top
of the mass where the water is serated-~-and a formetion of oxygen at
the snode--wthet is; at the bottom where the wntef is not esrasted, The
gases thus libersted are not diffused end nascent hydrogen combines with

the dissclved oxygen so as to form weter, As to the oxygen deposited

&t the anode, it dissclves in the water, lecking in oxygen at this spote
silijios



It is seen thet all this process finally results in the unifiecation of
oxygen in the moisture in the ground end that es e whole it constitutes
e method of diffusion of this element in the earth's crust,

If the buried mstallic body is oxidizable, as in the case of pyrite,
the bsttery effesct is considerably reinforced Ly the chemical energy
libersted by the oxidization resotion tsking plece at the apexe. It can
alsoc be seid, in other words, that the oxidizable ore pleys the part of
depolerizer §f the netural bettery. 7The oxidisetion of the pgossan fe=-
vors the absorption of the nescent hydrbgan by furnishing it with & reduc=
ing element, exsetly as does the bioxide of menganese, which envelops
the curbaﬁ of an ordinary electric battery., At depth the oxygen formed
goes to the pyrite and oxidizes it, instead of belng slowly diffused in
the moisture of the surrcundihg formations, In this way, the esymmetiry
of the electrolyte subsists permenently, whereas it would heve & tendensy
to diseppear, or would be meintained only by slow diffusion, were the
ore not oxidizede Iin short, the sction of tls electrie current may be
said to cause e downward movement of the oxidiszslion due to etmospheric
agents along the wells of the mass," |

If e metel is dipped in & solution, s potentiel difference is create
ed between the two media. However this cennot be measured, except by
cornecting another electrode Lo the first cme, dipped in e sclution have
ing eleectrelyte contect with the previous one, If the metels of the
two eleotrodes and the solutions sre slike, no potentisl is cbserved,

Any kind of seymmetry, either in sclutions or in metals, causes a potene
tiel difference. Llectrical sotivity in orebodies is the seme phenomencn.
It is ceused usually by the ssymmetry of the solutions surrounding the vein,
end, to some extant, by the differences in the =mineralogical and chemiocal

composition of the orebodye.
=10-.



The potential of a metel ageinst a solution depends only on the

concentration of the ions of the particuler metal in the solutione
]

JE.E,F
E=g'ain§
where E = gas constent, 8,509 joule per degree C.

=
1]

valeney
¥ = Farsday's constant of electralysis, 90,L0L.
t = absolute temperature.
P = Constant for the metale Electrolytlic solution pressure.
¢ = ion concentretion [
¥hen two elesctrodes of the seme metel are dipped in different sol-
uticns heving elecéralytio contact by means of a syphon bridge, the‘éoﬁ
tential difference hetween the two electrodes is

AE = 1.98.10 -log L2 yoits.

For ¢t =273 +-l&, n=1, and & T ’=100, the voltage difference is 0,115 volts.

ihe voltage oLserved un[orabodias mey L@ as high as 1.5 velts which
is the meximum, This is slmost the seme as the voltage furnished by e
wet eoll, Thus, it is reascneble Lo assume that the potentisls observed
over orebodiss are noi the result of the solution differences alone, but
the differences in the orebody as well. To sece ths effect of the change
in mineralogical ecomposition, we heve to write the equation in its ori-
ginel form, conserving the constents 5 and Ei, elsctrolytie solution |
pressure, of both metels.

AE =1498.10" -lag Ej' gf volts,

The wvoltages celeulated by this oquation are in belter agreemsnut
with the observed values. GSuppose there is no difference bhetwoen the
solutions above snd below the water table, the rstio c*boing equal to

onee In this osse the formula gives encugh potentiels to asccount for
1 P



the mctuel observeticns. FPyrite may heve e solution pressure of 10 etme
and possan arcund lésaatm.. so thet the ratio is quite large.

Laboratory meoasurements show that the veriation shown by & minersl
in passing from an ecid to en slksline solutien is in fect generslly great-
er then the differences shown by diverse minerals in the szeme solution,
in general, acid end oxidizing selutions give the highest potentimls, &le-
keline end reducing solutions the lowest, 7The most generel stetement that
can be made about the potentials shown by minerels in different solutions
is that the potentials are chiefly deterained by the solutions, This is
due to the fact that wide wvarietions in the concentrations of the effect~
ive sonstituents are possible in different seolutions, sakinpg the ratio
¢, /¢, large., 1n case of “unattecketle" electrodes the ratio E’/ﬁiia el=
most egual to one, so thet the potentisls shown by these electrodes is ree
lated to the oxidizing or reducing nature of the sclutions in conbtaet with
them. lHowever, it mey be stated thet all minerals ere ettecked by sll so=-
lutions, but in widely varying degrees, [Even pyrite, one of the least et=
tacke>le sulphides, is affsoted slowly by ecidified ferric sulphetes. Ais
gyrite is ospable of slowly reducing ferrie sulphate, any electric sction
which could arise from the oxidizing power of ferric sulphate would occur
chiafly on account of the faot thaet pyrite enters into direet setion very
slowly., With the more attecksble minersls the possibility of electric seo-
tion would be less than with pyrite.

In order to present o general view of all pesszible combinations in
cells of different types, it will be sdventepsous to assemble in one table
the evailable deta showing single potentials, The essumption is thet the
normel celomel electrode has & potential of 0.56 volt. The councentrations
sre normal unless cotherwise stated,

it may bte sssumed that the potentials noted with the inscluble sule
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Single Potentials of Solutions and Solid Llectrodes
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phides are due to certein concentrations of sulphide ions, It is obvious
thet the ions formed by the solution of =most minerals in water fall into
the cless of easily oxidizeble or reducible substsnces. The mineral po-
tentials sre therefore "oxidation end reduction potentiale,” All oxidation
end reduction potentisls way bve repgarded ss due to certain concentrations
of oxyvgen snd hydrogen, ¥ater itself may be assumed to have certain ocon=
centrations of free oxygen end hydrogen in equilibrium with it. The cel=-
culation of the potential shown by hydrogen or oxygen elecirodes in pure
weter gives 0,676 volte Thus all neutral solutions showing & higher po=
tential than 0.676 with en unettscksble eleotrode should contain an excess
of free oxygen, whereas those piving & lower potential should contein an
excess of free hydrogen. Weters at the surface of the earth contain oxye
gen at a pressure of ebout one-fifth of an atwosphere. The oxygen in the
ground water will be considerably reduced, snd at a certain depth there
will be precticslly no excess of oxygen. The most abrupt chanpge cccurs
at the water tatle, Uelow that oertein depth hydrogen will be in excess
et concentrations inoreasing with the depth., The velue 0,676 is & sort

of neturel zerc of potentiasl,

The following laboratory experiment is wvery useful toc exemine what
tekes place in orebodies. GSupoose we have & container, with a porous pare
tition, filled with water, to make two compsrtments, esch heving & metale
lio slectrods, connected ﬁith a wire and & galvenometere The water in one
compartment is eersted with an eir hose, whereas the other is not. i cure
rent flows from the mersted electrode A to none-sersted electrode I in the
ocutside eircuit, Oince the tendenoy is to meke the elestrolytes uniforn,
a displecement of OH ions from the serated electrolyte towards the none
aerated electrolyte and of ﬂrionl in the opposite direction is expected.

This lmmigretion causes e current from A to 2 in the wirs. The foliowing
“-]3-



general sguetion may be written:

Tleetrode A — electron Toxidizing medium + electron.

Electrode B + slechtron & reduciap medium — eleoctron.
The eleotron exchange from 5 towards A ﬁakes the electrolyte caﬁeantf&tinn
aniforms Eleotrode A hecomes the pesitive terminal of the battefy. ?h&
surface 9stbﬂxia1 meacursnents are mese in the electrolyte and tho current
flows towards the positive terminal in this rsgidne

Ihe system just described é&és not work continuouslys it polerizes.
If the polerization products are élimiﬁated 1t works continuously, If
pyrite is present, for 1n§tanao, the oxidation of ferrous iron, sulphur,
otee, below the water teble and the reduction of iron hydroxides at the
surfnce depolarizes the ﬁsttery; Thesé resstions teke place since the up=
per zone is &n oxldetion zone, so that reduction by ﬁ*iena cen take place,
and the opprosite holds for the lower part. In obther woerds, the electiriesl
phenomens, tend to prewent the sction of sereted water near the surface.
In the case of enthiracite the oxygen is elimineted by combining with the
carbone The voltage mey be es high as cne wlt, If the vein consists of
galens, the oxideiion products, englesite snd cerussite, crerte resistive
coatinge, end at the seme tine the nascent hydrogen and oxyren are elimi-
nated with difficultys. Thus, galens usually ;lves wvery little potentiel
differences.

Cossan Formation: It hes been explained above that the apex of the

orebody shows & negative oenter, that is, this pert is the point of entrance
of the current inlo the ersbody. At the seme time this zone is a zene of
oxidation, This is & contradiction, because the genersted oxygen ions
go to the lower pert, below the water tebls, which 12 expooted to be oxie
dizede.

I we repeat the above experiment pubtting the elestrodes 4 and &

in separete conteiners connected with a& syphon bridge heving varieble
e



cross section, and if the resistance of the syphon is smell encugh we obe
serve that the non-serated electrode 5 oxidizes, since the transport of
oxygen ions takes pleace toward B, If we increase the resistance of the
syphon, after a while the electrode L begins to oxidize, the current pase
sing in the samordiruction. Gimilerly, orebodies are sometimes high resis=-
tance batteries with ¢« small ocutput end therefore incapable of preventing
the motion of the air in the gossen zone, that is, the arrival of hydro-
ren ions on the apex is insufficient to prevent oxidations This is the
reason for gossen formation. Anyhow, insuffiecient hydrogen icns or an |
excess of dissolved eir in the upper pert leads to gossan formations In
the case of good condueting and homagenoﬁa veins the spontaneous polarie-
zation oxidation happens only near the water table, a l1ittle above or be~-
low, oxidizing the metallie sulphidess The part above the water table oxi-
dizes, because very little hydrogen ions come to this pert end the solu-
tions ars enough eerated to beve en exoessz of oxygen. The part below the
water table receives little oxygen ions end the solutions also econtein

& snell smount of dissolved air, the result being an oxidizing medium,

As we go lower, the amount of oxygen ions decreases rspidly end hydroe

gen prevsils, the medium being reducing.

Oxidetion dus to the minor heterogeneities of an orebody is another
problems The oxidation of palespa in pyrites-galens ores is e well known
faote This cen be illustrated by an experiment. Suppose we have a econ -
teiner filled with water and two electrodes, one galens and one pyrite,
partielly dipped into it end connected by e wire, The galenm electrode
is oxidized and coated with PhSQq s the current flowing from pyrite to ge=
lene in the outeide circuit, Pyrite remains unchengede The formation of
smell sponteanecus polarisation batteries, consisting of smell greins or

orystels, protects some perts of the orebody and eccelerates oxidation
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of other parts., Accessory bhetteries, similar to the ones formed by dife
ferent mineral grains meyv slso be formed if a homogenous orebody is immer=
sed in a medium which is heterogenous locally, These three forams of elec=
trical phenomencn are superismposed, the mejor part being pleyed by the one
resulting from the asymmetry btetween each side of the water tavle., The
parasite cireuits, superimposed on the generel direction of the ocurrent
which is from top to bottom in the orebody, are generated especiaslly in
the oxidizing zone, snd atbtack some components of the ore,

The consumption of ore to maintein & strong sponteneous polarization
ecurrent is emezingly smell, Let us sasume that the potential difference
in en orebody is one volt and the reosistance of the orebedy and the sure
rounding electrolyte is one ohm. 7The current will be one smpere, that is
86,400 coulombs per deaye. <he reactions are vefy complicated, but if we
consider that the oxldation pgroduct of pyrite is limonite and esoid sule
phurie, the oxidetion of iron would reguire 300,000 coulombs per greammes
etom whioh would consume 195 kgs. of pyrite e yesr to msintein such s strong
sponteneous polsrization whien is & meximum. It is obvicus that the phee
nomenon is very stable in the course of at leeast & hundred yveers, Chanpes
from time to time mey occur ss & result of reins, etc, which are temporary
or cyclic.

i1t is possible to reproduce spontuneous polarisation phenomens in
laboratories on ertificial orebediess A piece of conductive ore is Luried
lengthwise in a mixture of send end grey clay, ebout omne fourth of its length
bteing above the surfaces Ihen the remaining part is covered by non-clayey
weshed send. The whole thimg is boiled to remove the eir, end is left to
ccols It is watered {rom time to time in order to maintein the moisture
in the formstion. 1he part svove the cley surfece represents the asrated

pert, since air penetretes into it., VPotentiel memsurements on the surface
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of the sand show the same facts observed on natural orehbodies.
The econditions necessary for the formation of sponteneous polerization
can be sumierized as follows:

l. Continuity of the elsctric ocnductivity; that is, the nminersl
particles should be electriosily connected to sach other. A doposit cone-
stituted by small kernels surrounded by an insulating metrix does not give
eny potential on the surfeces In this case seversl parssite batteries ere
forméd but‘the resultent is zero, Conduetivity of the amineral constituent
being known, the electric ocontinuity of a deposit cen be tested on the de=-
posit itself, This is done by means of & sensitive galvanoscaepe snd & dry
betterye. The eircuit batitery-galvancscope is closed by the ore end the
deviaticn of the geslvanoscope indicates the electrical econtinuity., 411
the metellic sulphides, except zine sulphide, are good conductors, ilow=
aver, an orebody es a whole may represent any degree of conductivity due
to filled fisaures and fractures. Experiments con smell samples may lead
to erroneous cénclnaicns in both ways, becsuse & network of veinlets may
render an orsboedy conductive, The presence of copper increases the pose
sibility of suoh veinlet systems, making the orebody conductive. Gelena
usually occurs in seperale masses which have no electrical conneotion be=
tween thou.

2¢ Chouical asymmetry around the conductive orebody is the orige
inel ceuse of the creation of the potentisl. This condition is ususlly
provided by protrusion of the orebody above the water table into & more
oxldizing medium than at depth.

The water tebtle usually follows the general trend of the topography,
that is, it is shallower under valleys than under hills, It changes from
season to soaaon,rnu a result of water supply. Erosion, causing diseppeare

ance in relief, uplift, end drying up of the climate lowers it. The lower=
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ing of the water te.le is celled "nepative rwvemeut." Ia & geologicelly
sinking region, and where the climate beccmes wore reiny, Lho oppogite
occurse bising of the weler table-is ealled “"positive movement."™ Spone
tenecus phenomens ere stronger in uegative movement zones then in positive
wovenent zones, for fresh metallic sughides are centinuelly bveing brought
upe GlLen the movemsnt is positive, om the eontrary, the weter invedes the
gossen wiere po urther oxidetlion can tske plsce, end the spontanecus phe-
GOMENCIl CeusScSe

in the Alps, erosion is so fast that gossens have uo time te form,
end fresh sulphides are very neer the surisce. in thir cese potentials
cresnted sre very lar;e aud merked.

In flet mershy districts ihara veins sro flooded, and the reducing
overvurden formed of vegetaile matier in decoupesition absorts the oxypon
of the water coming down, prectlocelly no spontansous plenomenon is observed,

3¢ Suiteble minerslogical cocaposition of the crebody is another
conditvions The mineraslogicel nature plays & triple pert: (m) ion conceus
tration, €, (b eleotrolytie solution prossure, 5; and (c} depolarizing
eifect whieh is the most importent, UThe strongest reactions sre alweys
{found on pyrite, ciwsleopyrite, pyrrhotite ené iron pipes although these
elemenits have low potentials egaiust wuter. The feot, es explained be~
fore, is due Lo their depolarizing effect, (uleona shows & very slight de-

gree of spoentenecus polarizedtione

ile Electrofiltration Fotentisls

When an elsctrolyte filters through e porous cell wall, en electiro~

zotive force is genersteds This difference of potential is expressed as
=B



followss

L TUG
where G = specific conductivity of the electrolyte,

M = soefficient of viscosity of the electrolyte.

D = dielectric constent of the electrolyte.

AP = drop in piesmrs through the wall,

K = constent depending upon the electrolyte and the chemical
nature of the wall.
Electrofiltretion motivity like this ceuses large natural potentials fre=-
quently « Thoy may be as high as one-and-s~halfl volts. it may be due to
{1} electro-capillary by the descent of water, that is, infiltration of
water by gravity, end (2) electro=cepillary vy ascemsion of water (espile
lery ascension and eveporation)e Usually, descent of water gives negstivi
centers and escension of weter gives positive centers.
These phencmena ere expleined by Ee. Poldini in the following ways
"4 porous body may be considered as an agglomeration of small capile

lary tubes, It is edmitted that the wall of these tubes has the power of
fixing the ions of the liquid te its surface by absorption and that this
absorption is greater for the lons of e certain sign than for those of the
Slar, Tha pesell £5 e Dereaiies of & erh of slechite sewting Wk
ed to the wall. Decause of thn';ttractien.due to the absorwed ions, & coate
ing of' contrary sign is formed, attached to the liquid. This latter coat-
ing should moreover not be considered as infinitely thin, butv rather as en
ionic atmosphere, the density of which deoreases upon leaving the wall.
it is becoming more and more aduitted that the negative ions are connected
with the solid snd the positive ions with the liguid. When the latter is
in movement, it carries with it the electric coating etteched to it, whence

the appeesrance of a difference of potentisl between the two sides of the
]G



wall,"

"Finelly, it ies to be noted that the potential differences measured
ere smaller thean those given by the formule. The concentretion of ions
being greeter in the double coating, the sonductivity of the ligquid is in-
ocreassed, One would therefore have to introduce into the formule & conduc=
sivity 7, grester VB G ¢ Puvtherors, ¥he SiNSvablien potenbisl dus
velops &n active electro-osmotio reaction which tends to send the liguid
in the opposite direction to its initiel movement., The filtration speed
is therefore decressed and has & smaller value than that which would result
from tﬁs fall of pressure 4 P,*

1, Electrofiltration by descension: Suppose we have a vertical bed
of & permeable matter, such as sandstone, interbedded bvetween two mssses of
impermeable shale, Ileteoric water filtrates downward in the sand faster
than in the shele, thus we have a relative motion of water in the sand with
respect to the shale wallse This motion carries with it the posilive charyes,
which results in a downward {low of current, creating s negative center on
the surface. The sandstone bed eocte like & generstor similar to an oxidi-
zing orevody. 7The distlnotion between the electrofiltration phencmenon
snd the spontaneous polarization is that, in s shaft sunk at the negative
center, larger negative potentiels are observed as we go cdownward in csse
of en orebody, and saaller negative potentisls in case of & send bed. The
potential elong the sand beoomes zerc at a point midway between the surfece
and the weter teble.

2¢ Electro-capillsry by escension {eveporstion): Eveporaticn on
the surface causes slight positive centers. For instance, & newly ploughe
ed {ield is pesitive by 10 or 20 millivolts with respect to the neighuore
ing surface. This results from stimulated evaporetion over turnsde-up earth

gnd electre-cepillery sscension of water toward this evaperstiion zZones
w D)=



This fact can be observed in leaboretory by dipping pertially a column of
dried elay into seturated solution of copper sulphate, After the liquid
has moistened the column by capillary sscension, the difference of potene
tial between the liquid surface and the various points of the column is
obsarvndQ The positive potentiel on the coclumn increeses as the distance

from the liguid increases.

III. Diffusion Potentisls

Frequently superinposed with elestrofiltration potentials ere the dif-
fusion potentiels, In scme cases they even overshadow the electrofiltration
potentielss They are produced by the contact of two different solutions,
such as fresh water (metecric) end saline connate weter sclution in sandy -
or other porous leyers. Iheoretically, the electromotive fores, AF , gene=-
rated between two solutions of the ion concentrations C end C is glven
vy

-4
AE =1.98,00 & lazlc 1558 yolts

vhcrﬁ lh' lb = Mebilities of the anions end ocations.
n = valenecy
Suppose we have two NeCl sclutions heving an ion concentration ratio of
¢, /C,=10. The potential difference is 1l.6 millivolts at standard tempera-

ture,

WS



FORE AND INTENSITY

UF THE ANOMALIES

in the following the ocurrent density and potential curves for sphere,
rod, and sheet will be eunsiéureé, aupposing that these simple peometrie
forms epproximate the shepes of orsbodies. The necessity for & mathemetiw-
cal analysis of the simple geometric forms comes from the fact that the
circumstances encountered in the nature ere so compliceted that s mathe-
metical analysis of the actusl ceses is precticaelly impossibles The only
golution is investigation on models, similar to the actuel ones, Thus, the
snslytical investigation of the simplest cases becomes necessary. The ine
terpolation of the analytical results hmlgl in determination of quantitae

tive facta sbout the orebodye

Ie Polarized Sphere

This problamrhas been cmloulated by L. Pelrowsky. Application of such
e system is small, that is, it does not epproximate the natural orebodies |
to a great extent.

The problem is 88 follows:

4 sphere of radius r , infinitely conductive, is buried in the ground.
The depth to the cenber is hs, By sny ceuses the sphere is polarized, thet
is, it develops an electromotive force of its own whiech has the greatest
value along & certein diemeter (exis of polarization), inelined at en angle o¢
to the verticel, and diminishes by cosine law depending on the angle € ,

winich is formed by the given direotion and the exis of polarization.
=20
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=E co86 . (1)

At the seme time & ourrent is formed which spreeds over the whole ground,
The problem is the determination of (1) the projection of the center, C
on the surfece, (Z) the depth, h, snd (3) the redius r .

It is assumed that each of the medis surrcunding the sphere, that is,
sir and ground, is homogenous and isotropie; end h is eonsidanﬁalﬁr groater
then re

Zlectric Field of a ifidden Spherer Let us suppose thet the plane die
viding fhﬂ medis is sbesept and thet the 1§ola space ig filled with & homoe
genecus medium,

Lot us assume s coordinate gysten ss shown (fige 1b). The system is
sysmetrical with respect to the axis OC whieh coincides with the axis of
polericetions 2Axis OQ is hcrizanﬁal, and 'é is in the verticel plane of
‘OOO T , In this case the eleotrio potential U is the functicn of the radius
r and the poler angle 6 , end the velue of U must setisfy the Laplace equa=

tion,.

20 22U . DU . ectadu
— + —e. = O (2
2r* ror r*28* r*oé€ )

Horeover, rtms function must e finite, singlee~valued, and eoatinucus,
and must satisfy the following conditions:
&) For r=1r, 1% nmust take the form ﬂ:%w.e.
b) Tor r=oco it must be gero, U = (.‘2.7

The solution of these diffefential equations will be in the fomm

7= :’J'(r) cos €@ + U”{r} {(3)e

Differantiating this equation and introducing in the equation {(2) we obtain
the differentiasl equation whish is divided into two common differentisl

egquations
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dU0 24U 2gy.g (L)
dr* rdr ¥E

- I -]

U 2auU ‘ _
ar? r dr

Integrating the differential equations (L) end (5), end teking the sum of
integrais, we obtain

’ U —".Ar‘f' -Joalﬂ-% + I (&)

Two eguetions can be written, ope for r> r , U, » and one for r<r¢ s Uy »
As we will not have to deal with 7, , let us consider U, slone.
u@x (‘Ex r*'-%o.g +

The eovefficients ere found by means of the conditions (a) and (v)e The

final eguation is

2

T}ex-_- };rzf a0s e * (‘7)

How let us suppose that the spece is divided into two homogenecus media
by means of the surface, In such & case the ascending ourrent lines become
horizontal when they reach the surface. Thus we have another conditien,
{e): on the parting surface, the electric foroe must heve & tengent com=
ponent onive.

Let us assume another system of coordinates as shown (fig.lb). In this
case the new boundary coudition (¢) can Le written

z=0, 2% _ g (8)
2%

where ¥ electric potentiel ef'ter the introcduetion of the condition (e},
outeide of the sphere.

The potentiel W omn be found approximetely in the following way.

Let us consider the electric imege of the sphere with respect to the

surface, es shown in the figure 2, The image sphere 0 is polarized in ed-

Ol =



(1
dition along the line0C . 7The electrie potantisl produced by the imegie

nary sphere Q' et any point P will be

] 3
q:x':zr‘;.,z"‘”el (9) then
] . % /
2 T r/

end, in the cartasian coordinate system,
w=E o | xsinoc + (h +2) coso , x sing + (h = 3) cesacnI
2 [+ y* + (b + )]/ [Z2+y*+ (b = 2)* ¥ |

(11)

A8 we are interested in the measurements mede on the surfece, that is for

Z2=0,
£
F=F ¢y X 8inx + h‘cgso(. | (12)
[x‘+y’-+h ]Ia

The potentiel profile mlong the O X axis will be

¥ n p o X 8inx + h cos : (13)
X 2 2, )3
[x+ 7]
and the poteamtisl profile along the (Y sxis

- . LT 0 ops X i
E‘I - Et r P s 5.5 R g e
Sk o ()

Pow let us consgider the current density.

Current density =1 = L -1/ 20 .37 20 F 92U (15)
A g 2r DY 2z ‘
. ¥ ==
or simply 1= »=F
S
Uince the vertieal gradient is serc in our case,
Fo1.08  J2¥ (16)
°x R

where ! = potential gradient, field strength,-r electric forces
Teking the partisl derivetives of ?, we find its projections along
the axes x end y» Intreducing the denotetions

u= 5

v »

e A

=25«



. _Ere 3 u cosole (l+v =2 4d) sincl

o, = . 1
X hz [x + uz_‘_‘,z]s-h_ ( 7)
2z
. B r.(cosx+u ginx)3v
Puc® 18
1 - [1 + w4 71.]671. (18)
T
o - Er, coscl+u 8inxX (19)

h* [1 +uty vi]ia

In {fige 3 are shown the values of & , that is, the current density pro=-
file, along the X axis, in the direction of the plene c¢f polarizetion. in
the axis of the abscissse are plotted the values of u, on the Y sxis those

Sy X
Er, _

of F, , the coefficient being essumed tc be equal to 1030,(—;;— 12300).

The curves correspond to different values of ol ¢« 4 very significant fact

mbout those curves is that, in case of & vertieally polerized sphere, i.e.
when °L=0: ons of the two zéro points is right ebove the ocenter, the other
2oro point being &b infinity. 7The maximum and minimum pointa in this case
are numericelly equel, their distence from the O, point being equal to the

helf of the depthe

®y .
(£ )70 (&)

max.
min

“igure L shows the profile nleng & line perallel to the plane of po-
lerization, at & distance b {rom the 0, pointe

FPigure 5 is the profile slong the ¥ axis, perpendicular to the plene
of polarizatlon, passing through the 0 poiunte 4These curves have only one
zero point, one minimum snd one meximum. “he exis of the abscissee is the
esyuptole to all of them. Uhe zero point is elweys over the center, the
curves Leing symmetricel with respect to this points Uhe maxime are always

&t & distence egual to the helf of the depth

LT
w{f o =

Lhen c(,=90°, the current density is always zerc elong the profile.
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Fipure 6 gives the eurrent density values along & profile perpendicu-
lar to the plane of polerization, parellel to the Y exis at a distance h,
These curves are similsr to the previous ones, except that the maxims are
removed further.

liow let us {ind the expression for any profile, inclined to the X axis,
at the same time to the plane of polarization, with an angle ¢ s not passing
through the point U, ¢ Introdueing a new system of ooordinates, x’ and Y,’

rieving their oripin at ©,, and meking the angle @ with the X and Y system.

/
/

% ;
1= (22)
/ r
v L o%
= (23)
Vs b
i=uoes® v sin g
/’
v=usin @+ v cos &
Substituting these velues in eguation (13} we have
K=2r cneot+tx/_go: P ein X - v'ein & sinck (2l)
hz v El + u’2+ ?/1j3/z .
F . == Eﬁ = = CA
x’ 2 x’ hou’
& T / 7 z /?',_ . PO ’
¥ E¥e 3ueose (l+v =€u ) eonfainct=3 u v sinfsincx (25)
¥ T 43 [1 & "/;- .,,z_]s*/;_

The expression for Py’ is of no use since & chenge in & will be sufficient
for sny direction.
Fipure 7 is the curremt denBity profile along the line inclined to the
plene of polariczetion at an angle ﬁ = 1.;50, sesaing through the point O .
Figure B is the nost generel cese, the profile having the ssme angle
;Z! = 15" with the pleme of polerirzation, "ut not pessing through the point

*

(!i s ¥ being equal to h.
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Location of the Q.- soint, h and o+

et as suppese an arbitrary direction, and meke current density pro-
files parallel ts this dirsction. We obtain curves having, in general, two
zero points end three mesime. The geometricel loci of these points on the
surfece determine the position of the sphere.

Cese l: Prefiles parsliel to the plane of polarization (to the X exis).
From the equation (17} it follows that the locus of the zero points is

u’ - ‘3’1;5- sob ol » u = =0 (26)

This is the equation of sn hyperbola, its center, being ia the plane bf
polarization, haé the following coordinstes:

X =

2 cobt oL« b

2
g (27)
¥, =

The real semi-axis ig in the plane of polarizetion, and hes the length e,
which is

hz, 9 2 e
a= — 4+ L oot " o R 24
\V/Q 1% 8 (29)

The esymptotes are defined by the equations
Yy = V—E—?ﬂ

v= =2 x

(25)

(-3
end ere inclined %o the x sxie at S5 iS5 engles.
Filgure 2 showa the zero-point ayperbolas for variocus values of of .
From the eguation (17) we obbtaein the laeci of the maximum points, given

with the following equations
~ z .
1+v"=¢u (?-l—r.tnot.. L‘)
143 tanole u

\30)

This is a curve of third corder, having three branches, each being symmetrie
cal with respect to the x axis, The middle braneh has an diymptota parallel
toc the y axis,

Figure 10 gives the meximumepoint curves for different values of = ,
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Cose 2: Prefiles perpendieular to the plane of pelarizeation. From
the ecuation (18) it follows that the zero peints are on the straizht lines
v=0, (31)
cos o +u sino =0 (32)
The first cne is the x e;xi.ﬂ,' the seccnd one perpendicular to it st a ﬂiﬁtnmo
u=<-cotol, Current density is zero elong the second line,
Prom the eguation (16) egelu we obtain the geometrical locus of the
maximurm points,
hv =u'=1 (33)
which is & hy;aer;aoia. the eenter of which being at the 0 point, The real
seuieaxis is perpendloulsr to the slane of polerization, and is equel to
the balf degth,

(34)

& =

N

Case 33 ~rofiles st en engle ¢ to the plsns of polarisation. From
the equation (25), it follows that the loous of the zero points is defined

by the ecgustion

z
5 o 3 5 eobol / 1 ;
n -gv '-‘bnnﬂ UV 4 Sveierimes ] w5 = ()

which is a hyperbole. The real semie-axis is inelined to the line of survey
st an angle 9 , which is defined bys

9:-.9” (3&)
24

end its value is

-5 ‘;} Co'ﬁzd:
4 D e e e
¢ oosd (14 § T sin’g, (37)

3+oos¢

The mexims curves are of the third crder, and do not represent char=

a=h

aoteristics; Lhus, they have nc great wvalue,
liow let us see whal we can do in determining the C , h, and o, with

=20 =



the results obteined in the three cases,

Cese 13 Asymptote of the niddle branch of the masxima curve is psrallel
to the imaginary exis of the zero hyperbola: the profile is perallel to the
rlane of polerizsations

Irawing the asymptotss we find the center of the hyperbole which is
in the plane of polarization and has coordinates

xc-_-%eot;oc.h (27

The point E where the psymptote to the middle branch of the mexime curve
intersects the X axis hes the following coordinpatet

.
X = 3 cot X4 h {38)

The distence ¢ ¥ d esn be meassured, snd is equel to

ti:«i * { 2¢
T sot oLe B (39)

from (27) end (39) we get
X = 2 4 ;
5 (40)

C

%hich determines the point § , sincd ths point U is known.

From (28}

16& %
h=\/2 g% « Zaem g (1

By measuring a, the resl semi-saxis, &nd the distence d we find the depth.
The inelination sngle < ig found from (29)

12 4 y
tx =
co £ s2)

ihe expression for r, depends on I which is not very well defined,
Letermination of U, b and o wsy be made graphically es shown on
figure (11}
CaslCb=58234 (L3)
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& ¥ is parellel tc b O,, thus the point O, is found, Lrew & line U p
bisecting the engle C O We Irom C drew & circle with & redics egual to the
real semiw-sxis, Frem C, drew the circle n p: from p ersct perpendicular
P Ue The depih h 18 equal to O O

Cuse 23 The gero-point curves sre represented by two streight lines
perpendlcular to each cther, end the maxime curves ere ;ﬁ shown on figure

12 ¢ tbé prefile is taken along the lines perpendicular to the plape of
polerizetion, 3y trecing the asymptotes we {ind C whieh coincides with

G » and the real semi-sxis, whioh gives h.

k=2 a \ (3L)
Ueasuring the distance A: C = d, we have from (31} and (32)
e, @ 4 '
ﬁev T v e W e
A 5 (L)

fase 33 If there is no symmeiry, the line of survey is inclined to the
plane of polerizetion with an angle ,@": 2o , where € is the sngle between
the hyperbola representing the zero=point curve snd the lirze of survey,
Thus we find the direétion of the plens of polarizetion, By repesting the
survey in the direotion of the plane of polerizstion the ;problem is reduced
to the first esse, or to tha‘aecond. In prectice, first a potential survey
of the aree ie done as it will be explained lster, From the equipctentiel
lines the direction of the plane of polerizetion is usually spparent, if
there 1s anys Then current density profiles elong sny desired direction
ere found from the potentiasl dsta, without repeat;ng the survey. |

V¥hen dezling with netursl currents, the poles are reversed; a negative
source on the upper end and & positive scurce on the lower end,

The current density curve may be plotied from the smoothed potential
ourve, by taking the slopes at numerous points, It is also obteinable die

rectly in the field from voltage readings with constent electrode sspearation,

=3]=
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dividing the veltsge reading by the clectrode separsticne

Ile PFPolarizsd Rod

Sometimes an srebody may be assumed to Lo similar to a polarized rod
with 8 negotive current soures on its upper end and & positive souree on
its lower end, Let us suppose thet the orebody is in the X% plems, so that
the vertical distsnce of its upper end frox the surface io iy that of its
lower end is hl, its projeotion on the X axia is &, end the distances of
its onds fronm ﬁ gsurfece point are r, and r, (see fige 12 bj. The coordi=
natss of this point are XY and the origin is the projection of the upper
eade It will be agsumed that the potartial at any point may be regarded
a8 the resultant potential of a current =~ I at the upper point and +1
at the lower point in a seami-infinite medium of resistivity € ohm came Tak=
ing into account the images of the upper and lower peinrts with respeet to

the grouand surface, the potontial for the upper nmepative source is

I
Vom e ()
I '
snd thet for the lower source is
- €3
%7 = 1.4
L ey (L&)
e =
so that the total potentisl is
w Cx7rs 1 o
P @l | 2 o2 }_{
ok r) W)
Substituting
- .3 3 ; > 2
AR AR Y end r = \/(x =@+ y +h]
thepotential becomes '

1 "
A e e A T P TSt g
2n | yxryyi he {/iz - a$‘+ y*¢ hl (h)
It is seen that the shape of the potentiel surfece depends only on the

230w



depth, inclinatlon end size of the orebody. The main eatures of a poten=
tial profile in the XZ plene ere that the potentisl gradient in the direction
of the dip is grester then in the opposite directlion, and the negetive oene
ter is not imvedietely cver the upper end of the Lody, Lut is displeced awey
from the source of current, Ihis displecement depends cn the pesitiou of

the lower positive gource, Whem 4t is {er removed, or when the rod is ver=

tical ihe negailve center is right below tlie negative scurce.

Ili. Polerized Cheet

& polarized shoet bears probably the elosesi similarity to naturel
orebodies mmong the simple geometrical shepes, This case hes been calcu=-
lated by Ddge end Laby.

The assumptions are made that (1) the sheet hes e negligible thicknesss
{2) the upper and lower edges are parasllel to the surface; (3) the upper
edge is the current sink and the lower edge is the curremt source, the dies-
tribution of current being uniform slong these edges which ere lines;y (4) the
country roek is hemogenous; (%) the distortion of the potentiel surfaces,
due to the corobody itself, may be neglected.

Let us suppose that the system shown on figure 13 exists, the upper
2 lower edges, p g end t g, being persllel toc the surface and to the X
exiss The projecticn of the upper edpe coinoides with the I axis, the 0=
point being in the middles  is s point on the surfece, for which the pow=
tential will Le calculateds P { is & perpendicular from P to the upper

/

#
edges The angles 6 end € refer to the upper edge, and 6 and €, to
the lower edge. The lsngth of the sheet is 2 1. The total current is I
Enpte

The potential at the point P (xy) on the surface due to an element
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dr of the upper edge and its inage is given by

. dr :
dv = e EaMYE ey L9)

where h, is the depth of the upper edge, S is the resistivity of the ground,

and r is the coordinate of the segment dr. The total potential dus to the

apper edge is vl
15 dr
V== - = — :
1 Lmnl Ve r+ir = x}° (50)

4 |
where a=PQ=|b’} y* (51)

Putting (r =« x)=a tan & the final expression becomes
1S n 8 b )
V=-r—lo tan|— ="« log tan | = + — 2
and for the lower edge
1€ T 6 7
¥V = > -
25 TAT {logm<.£.+.§) logtm(z+

The total potential at P is

: 4 x 6
V=¥V +V== Bl e =
y + ¥ h11§ log tnn(&-f-a) log tan (h+

7

4 T 6

- log tan 2 - 110Z BA [ o= + -
(h"'a)* . (hfe)

An example is given (fige 1) for & particulur case where

7

Rjo

) (53)

(54)

Nla
e g

h:hsl =1 2332, the dip being L5 degrees.
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APPLICATION OF THE SPONHTANEQUS POLARIZATION FPHENCEERA

T0 EAPLORATION WORK

I, Natursl Sodies Showing Spontenecus Polarization.
The degree to which natursal orebodles respond hes been found by exe

perience, snd the order is as follows:

1, Pyrite and pyrrhotite veins or bodies give the strongest reace
ticns. ¥hen the comditions are fevorable, the potentiasl difference may
be over one volt.

2+ Anthracites, very poor in volatile matlters, ere good conductors
end give strong reactions over one volts A vositive oenter, insteed of a
negetive one, is found.

5« Graphite, very conductive end oxidizeble, mey show pctentials
over ons volt {positive center).

Lie Copper sulphidee {chalcopyrite, chalcosite, covellite) constie-
tute the best edopted ores to this method., Heximum resction is one volt.

He Hagnetite is slso conductive end oxidizabls.

6. Cobelt crees give somewhat weak resctions.

7o Galens gives very week raection if the ore is continuous, othere
wise the phenosenon ls absent,

tesides these natural todles, there sre seversl more features causing

similar effects., Some of them are;

1. Any kind of electro~capillary phenomenon resulting {rom (&) he=

terogensus porosity, (b} irregular vegetation distriwution, (e) ground wa=
-35=~ -



ters, (d) differentiel evsporation, eto.

2 Paults end frectured zones, which ellow the meteoris waters to
penetrate easily, give riss to both oxidation and slectro-cepillery currents.
Oxidetion of orgenic matter slong the gouge 2ona is sometimes grester than
the elesciro~capillary effect.

3 Hetals in placer deposits may show spontanecus polarization if
the mineresl continuity is provided, such as Cienags, Columbie, river gra-
vels sonteining pyrrhotite-impregnated boulders.

Lie Formstion boundsries csuse smmll potentisl differences. Very
accurate messurement of these potentimls caused by differences in the con=
duetivily of solutions filling the pores may reveal the boundary covered by
overburden, In cese of metemorphosed sedimente it is sometimes possible
to meke a deteiled study of the geologis st}uetures, such as graphitic shale
beds,.

G+ Corroding pipes also gemerste surrents. Although this problem
has & greet commercisl walue in engineering, it has little importence in

geslogicel exploration (see Heiland &79=(81).

11, Hethods of Application
The field procedure varies with the kind of terrain end the amount of
encmaly. BHefore gaing into the deteil, let us summarize the methods used
ia pracitive,
1, Potentiel measurementse
2. Potential profiles
be Eguipotentisl linss

€. Potential gradients

-ZE=



2, Current msasurements,

Current density profiles (potential gradient profiles).

3+ Loeation of equipotential linmes by mull method, using either poten-

tiomoter or galvanometers

1, The usuel practice is to survey twe bese limes at right angles to each
other, snd then survey two series of regulerly spaced traverse lines, eech
series being parallel to one of the bese lines. Their iaterseotiéna form
e grid-work of stations. The intersecotion of the bese lines is usually tsken
as the hese stééion to which the readings are referrade In this case, cach |
stetion, which is represented by the intersectioen of two profiles, has two
potential walues, and the avereges is teken in plotting ecither the potential
profiles or equipotentisl contours,

Another way of surveying en unknown eres is to mske redial traverses
in such & menper thel eny hidden ore-body of importent dimensions may be
orossed or closely epprocehed,

If the eree is lnown Yo some extent, such as the indications provided
by rossans, it is sufficient to meke only cne series of straight line trae
verses in e direction at right engles to the supposed strike of the miners-
lized zones, intersecting the most pronising surfece indications.

After lecceting sn importent enomely by means of these reconnaissence
rrofiles & more detalled survey is made over the eritical erea with smell
sleotrods spresads, such as 25 feet.

Af'ter recording the potentisl value and its sign between the stations,
the results ars summed end plotted with distances es ebscissae snd the poe
tential values as ordinmtes, in e similar way to & topographicel section,
it is generully preferable to express the final results by e map of equi-

potential curves,

This kind of profiling method is suit