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Geological Survey of Norway, P.0 Box 3006

N-7001 Trondheim, Norway

Abstract

SP pattern both in drill holes and at the surface are separated into
two parts;

A general trend indicating the dipole pattern in the country rock
around the deposit with maximum potential variations approximately
200 mV, anci

alternatmg potentials with m nima down to -800 mV in the massive
sulphides, the steep gradients of which indicate EMF's at the country
rock/sulphide interfaces,

Sulphides and country rock are supposed to constitute galvanic cells
of which the sulphides represent dipole electrodes and the pore water
of the country rock the electrolyte, The redox potential of the pore

water decreases with depth.

Separation of the SP potential pattern into two dipole systems offers
possibilities for. (1) Locating possible extentions of ore bodies towards
depth; (2) rough estimations of tonnage ol total ore bodies if the
tonnage of upper parts are known; (3) estimations of sulphide contents
of ore sections without analysing drill cores or drilling cuts. The
concept of galvanic cell inclicdtes that electro-chemical prossesses to
sorne extent control the dispersion of chemical elements around ore
deposits.



INTROWiCi

The existent e ut tiar'r.tl self potentials (SP) wzis lirst reported by
Fox (18 in) abornhIles iii eonneetton with ore bodles have later

been demoristrhted in a great hnniber 01 ;ses, attc r Schlutnberger
(1922) tritn)d.“ ed the ase ot unpolhrizahle eiectrodes The application
of the to some extent based empir.cal expertencet

the origin øl ibese natarei potenthis is not completely understood,
althoogh many explanat.ons ha\t ieen proposed An exellent survey
of the theories are git,en by Sato .ind Mooney (1960) in electro-




chenite I frt€t hanism at saiptridt- sett potennals-, where they relate the
SP to haturat ditterent tts :11 redox potentral existing in the opper

lithosphere- Sato and Moaney du itit}iowe\erexptin potentuds lower
than approxlmately -400 m connection with s'ulphide ores while

practitat experient es bas shown that negative potentials lower than
1000 rn\,' :tre otten encountered in the tield r[be meomplete know-




ledge abont the nature ol the seli potentiats seems to impede in ex-
haust.ve interpretation ol SI) results This ould be the main reason

why SP measurements are not very much used m nowadays rnining
exploration et.en though ston measnremetnts can be both simple and
reltable More knowiedge (ibout the nature ot self potentials could

be gamed through studies 01 their dist ribution at known ore deposits.
Farlter work oi tlos kind deals m istly ty,th two-dimensional potential
chstributions ti tbe snrho e ahove suIphide ore boches 1n ore pros-




pecting oniy few reports have- been published abont measurements of
self potentials iii driii hotes or vertical ser tions even though the SP
drill hole techinque is well established ii oil exploratton (Lynch 1962,
Schlurnberger 1)72)

Recently Parahnis (1)70) and M‘tIniquist and Parasnis (1972) have
reported interestmg resnIts trom hoth surfat e and drill hole SP
measorements They Nnd that (1) Itoth massive and dissernmated

sulphides itia git.e distm. t SP-anomalies, (2) sell potentuds .tre
stable tnne hunplitudes '1T SP \ (trI ttons Li ing withm 20 - 30 m V1
which wonld not seriously dustnrb .obt h stronger potenthals occur-
ring around ore baches•hnd t 3) SP OrHI holes may be is low as
- 600 ni at depii ut 100 ii who rasto ( I -? (0) tonsiders contr
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dictory to the earlier theory of sulphide oxidation as the main mechanism
responsible for sulphide self potentials.

The present paper is a report of the distribution of SP in drill holes and
at the surface at the Joma pyrite deposit, Trøndelag Central Norway.
Joma was selected for this type of measurements because at the time
when the measurements were carried out the deposit (1) was known to
produce nice SP-anomalies and (2) was well known through trenching a
lot of diamond drill holes and some underground work and (3) was not
put into production. Selected SP results from Joma have been published
earlier (Bølviken et al. 1973), The investigation seems to corroborate
the theory of electrochemical mechanisms as being the origin of self
potentials, and indicates that an improved interpretation of SP results
may have practical consequences in prospecting.

GENERAL DESCRIPTION

Location and histor

The Joma deposit is situated in North Trøndelag, Norway, near the
Swedish border (Fig. 1), 580 m above sea level in a terrain of
relatively gentle topography. The maximum height difference within
the area of the ore body is about 30 m (Fig. 6). Mean annual tempera-
ture is approximately +1°C, average summer temperature is approxi-
mately +7oC. The overburden above the deposit is frozen approximately
9 months per year, the frozen ground penetrating 1.5-2 m under the
surface.

The ore was found some 70 years ago. From 1910 to 1915 the outcrop
of the ore was located by trenching, and some diamond drilling. A
second exploration epoch, during the last wor1d svar, included different
geophysical investigations and diamond drilling. A third epoch which
started in 1958 comprised further geophysica1 prospecting,exploratory
underground work and extensive diamond drilling from the surface.
These investigations resulted in an evaluation of 17 mill. tons of
cuperiferous pyrite ore svith 1.3°/0 Cu, 1.7% in and 35% S which placesJoma among the largest pyrite deposits in Norway.
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In 1972 the deposit was opened for rnming operat1on Planned pro-duction is about 250 000 tons ot ore per year

Geology,

The geology of the Joma deposit is described by l'oslie (1926). Foslieand Strand (1956) and Oitedahl (1958), During the period 1964 - 68 adetailed geological map was prepared by R Kyien (personal comrnuni-cation 1972). Fig. 1 is a reproduction of a part of his rnap. Thedeposit is situated in greenstone bed belonging to a senes of alter-




nating supracrustal sechments and volcanics The sedimentary rockswhich dip under the greenstone formation consist of phyllitic schistsand quartzites w1th varying content of graphite. "l'he series are stronglyfolded during the Caledonian orogeny Different folding phases havebeen observed, the main iold-axis direction being approximately SW.The deposit lies in a fold where the greenstone bed is thick.

The ore consists of compact pyrite with varying amounts of chalcopyriteand sphalente, chalcopyrite being abundant in zoncs both in the hanging-and footwall Accessory galena occurs locally. ln the greenstone of thehanging wall a hortzon of chsserninated pyrrhotite .md pyrite occursabout 50 - 100 m above the massive sulphides

The ore body is shaped like a saucer gently dipping towards SW in thefolding axis direction, being thickest in the central parts (maximumca, 35 m) and thinning out at the tlanks 'Phe country rock and the ore are
rich in carbonates, a property which together with the cold climate ofthe area, prevents any extensive oxtdation of the ore.

Overburden and round water .

The ore body is covered except at the socalled "filvegang", wh ch isexposed in the nver Orvasselv on the eastern side of the deposit. Theoverburden consists of till partly also ol bogs and weathered material.The thickness of the overburden va ries f rom 0 5 rn to a lew metres,being 0 5 - 1 2 rn above the subotitx_rop of the ore. "Fhe conditions are



exellent for surt,:( e polentml toes,,rements in the summer season.Since the ove rburden s rnoist the re re small c ont.u.t resistancesat the potentml electrodes, and the reprodu ibility of single measure-ments was normally withm 10 triV
All diamond dr iii holes held smg.mrst ground water. except for onehole (1.)D11 12 S), which fmd water tlowing out at the top. In holesstarted on dry ground the water level was found it ti depth of 5 - 8 m.The pH of ground water medsured to be 6 . 0 - 9 5 and the water
temperature was 4 - 10°C

ELECTRIC RIi.SISTIV1TY 017 GROLND WATER ORE AND COUNTRYROCKS

Specific resistivity of the drill hole waters measured on samplestaken at chfierent depths w.ts us an aver.,ge 5 000 ohm cm, singlevalues varying between 4 000 and 5 900 ohrn cm This relativelygood conductivity yields low contact resIstances at the electrode)andthe SP me,..rernents in the drill holes were reproducible within1 - 2 millivolt

The reststivIty ot (1) comp;ict ore, (2.) sulphtde dissemmatlons and(3) country rocks were medsured or  drfil cores, by a diamond
sttw to cylinders wtth beIght ;tpproxintuttely en-u2,1 to the charneter(32 mm) The results ,,re ihdlc.,ted ti ris 2
The specimens were careMity mmstened under pressure to obtainconditions sunil r to those in st t betore the reststrvIty was mea-sured by a tour point method n ores with dissemmated sulphides
the mean ,,ngle between pyrrhotite bands and drill core axis wasestimated, since the ;iverdge resistivity would depend on this angle.Specilic gravity of the moist cores was supposed to be i useful para-meter indicating content ot sulphide nnnerals Results of specific
gravity medsurements are ploued .:long the ordmate of Fig. 2, Forcomparison the resistivity (1)[11,:sms 1966) and corresponding speci-fic gravity (11i.rIbut 1955) of piire n.ialsare included in the figure.The campict pyrite ore f“tt - , resisti hetiveet 0 25 - 1.5 ohm cm
(iirea A iii Fig 2), centr.d volucs bemg 0 75 ohm cm , which agreewell wtth the resist, \.ity at pitr  py nte given by Parastus (op cit.).

5
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As the Joma ore contams some chalcopyrite, pyrrhotate :,nd sphalerite,the specffic gravity of the sampies of the ore are lower than that of purepyrite The two samples at the left hand side tr area A contain pyrrho-tite, and those at the right chalcopynte, sphalente and some quartz andcalcite in addition to pynte Chalcopyrite - pyrite ore (F, Fig. is
less concIcting than the py nte Ore, resistivity being approximately4 ohm cm, which is in correspondence with the data for pure chalco-pyrite given by Parasms (op.cit.)

The pyrrhonte disseminations Irom fhe country rock of the hangingwall cover larger area oi vanation (13, Fig . 2) than the compact oretypes . The resistivity ot the samples of pyrrhotite disseminations is0.02 - 30 aiim cm, the centra1 value being 0.58 ohm cm. The lowerresistivities of the group represent pyrrhotite banding along the coreaxis.

The greenstone of the hanging wall is represented by the area D inFig. 2. The resisitivity va nes between 105 and 106 ohm cm, the centralvalues in area D ( 3 1 105 ohm cm) is supposed to be a fair estimateof the average values in the greenstones surrounding the Joma deposit.The following average resistivity contrasts can be estimated:

f ore/f greenstone 11430 000

3ore/ I waters 1/6700 


Sgreenstone waters 60—

Resistivity of three graphitic phyllites are indicated (area G, Fig. 2),central values beIng 850 ohm cm. The resistivity of phyllite dependson the content of graphittc mate nal The graphitefree phyllite (Fig. 2,area E) has the highest resistivity of all rock types investigated, centralvalue being 7 7 106 ohm cm. Average resistivity contrast between
graphitic phyllite ind graphiteiree phyllite is 1/9 000
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SP -MEASUIZ,EMENTS

SP was measured (1) in ch.imond drill holes and (2) .tt, the surface.
In chamond drill holes the potential clifferences were recorded at
depth intervals of 1 - 10 rn between stationary reference electrode

placed at the suriace beside the hole aud i mobile electrode 1owered
into the hole 1n addmon the potentt.il difierences between the station-




ary electrodes of the ditlerent drtll holes were measured to obtain a
common reference ior all SP measurements Mtogether SP were
measured in 14 holes chstribLited over the central parts of the
deposit The hole lengths varted between 30 and 360 m. The last
drilling operations were iinkshed 3 years before the SP measurements,
At the surface the potentuil chltercnces were recorded every 50 rn
along 5 selected profiles, in areas of high potential gradients also at
intermediate stations .dong the proffles. The potential of the back-
ground field at some chstance irom the deposit was choser as a
common relerence (zero)

The electrodes used consisted øl Gu-wire immersed saturated
solution of CuSO separated I rom the exterior by a wooden plug.
The instrument was potelitiometer with 1 M ohm input resistance.

sett otenti.ds

SP results of (1) four typical dritl holes through ore (3 V, 49, 10 M
and 5 N) and (2) one hole through the country rock at about 200 m
distance from the ore (1.\) are shown inFig 3 Results from eight

holes p rojected into section A.A are presented in Fig. 4 (see Figs. 9
and 11 for location of proble and ore respectively). Two potential
patterns can be chstinguished

(I) An abruptly alternating potential with several m nima of
varying magnitude.

(2) A general potential trend th.it seems to constitute some

sort 01 basis for the abrupt potent1;11 variations

It is possible to separate these two patterns visually by dr:twing a
continuous line through the most positive values of the SP curves as
shown in Fig 3 and 1 ig



'bhe steep put se•ab ets uct jr it the boundiries of theeompact to 1± rijO 124 the sal.uhule dissernint.tionsitheir SP inininlawithie the ud/atud-, betins et the order ,100 - $00 reV and 100 -300 n-11, r spettot v reserctle ss to depth t'Ittu.ss 3 and 4) The -400 niV cuntuur PuTows the boerorin, ut the mdssive urt: cLoseb,,-14dgs 1 aud 11

	

genera. putet]tiaI :re: 1:tc1: was reproduced bt,t repeated mea-setrements the ne>4 cear 5 ot the urder 0 - 50 rAN: withel drill holesand midintuni 300 m along the orc he sign depends on the positiorree.dtto thc ure beAP• the hiaue 3 V and 40, which intersect thedecpei u:rt 01 the ure houy ts, $4 the pot entedls of the seneral trend
increase Alth mer{:-.5dns deu11: and 2n the hules 10 M and 5 N, whichinterscat the upper la•dt ul the ore budy the SP potentials decrease withencreasens douth thc -13,c4ground hole 1 A, Aduch is drilled throughthe foutwan coolts. thc POlcutiaL trend ts dearly constant throughthe greedstode the upper part oi ehe hule, and decreases with in-




cieasms uepth thruush the gr,tphtt:a phy:lites iii U1C lower part.

Sord c

The pple atstr:htit:ot, the edrth surlace cAer the c entral partcai the ore :s shtned le 1 Ts 54:Trie 1.hat ut å profile 1311 whic h crossesthe ,L;le,ttc s thukoessc5 ei the cepost1 in Fig 6 The SP-A:ariations
alune thts drut Te Aluch shutHe, be quite Yepresentattee for thepotentlae utstrIbution :tiong a seumetric svmmetry plude of the deposit,is eeserlbect beeow Whee unc approaches the depusit from a reference
1)0101 un the bcotwae stde the SP dee reases gradually ahout 100 mV.At 177.1\egansen erheth rups ont ni the mer, the potent tal suddenlydrope (the milumten Tue ttuutcl nue be measured m the pi otile dueto htegb Autt et the strcatni hetAeed PIcegangen and the mainort: out crap the putranirn 1:t C tO pp r nuttelv - 100 mV,4011 Twa by u; up m11:11TUM OI 800 ntv abutve the sub •outarou ut the urc On the hatetetut ee.• sute the puteatttai inereasesto 150 td  44u e the (.1, ept I ieire5 il the hody some 200 m fromtheDitt, eup hen a deerc co tcuTect-t utat the putent l reaches anIppro Norm n}ipu? trom the uut{ rup
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On both sides of the strong anornaly caused by the rnain ore, there arelocal minima, of which those in the hanging wall rocks, being approxi-mately - 300 TV1 V, are supposed to be caused by pyrrhotite dissemina-tions

As in the drill holes there seern to be two potential distr bution patterns,which can be separated graphically: (1) An abruptly alternating potentialoccorring in close connection with the sulphide mineralizations and (2)a more smooth general potential trend, in sorne way connected withcurrents in the cowitry rock. The positive maximum belong to thistrend.

INTERPRETATION OF SP RESULTS

The two types of potential distribution patterns distinguished in thepreceeding section are interpreted in the following way:

The abrtptly alt.,rnating pattern is a concequence of theprecense of electromotive forces at the interfaces ofcountry rock and sulphides, and indicates indirectly thatelectronic currents pass within the sulphides.

The general trend pattern indicates that ionic correntspass through the pore water of the silicious country rockoutside  the ore body

In the following these two types of potentials are called "electroniccurrent potential" and "ionic current potential", respectively. Asindicated above (Fig. 3) it is in most cases easy to separate thetwo potential patterns in drill holes by a simple graphical estimationas illustrated in Fig. 7. This procedure can also be used forsurface data, see Fig 6
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Eiectronic current poterthd

The potential distribution within the ore was nrasnrcd relative to thepoint of iowest potential found In the ore ihole 10 Mr in the centralpart of the depositl

Fig shows horlzontui pro ection of the distribution of the minimurnpotentiats recorded in each drill hole within the deposit. From bothflanks of the ore body the Ihnlimum potentials decrease towards thecentral part, where a low potentiai cbannel passes along the ore betweenthe ipper and lower ends, indicating the thickest, best conducting partsof the ore bony where the electric currents are conoentrated.Fig 9 shows the distribution of SP within the ore in a vertical sectionalong the tow potential channei The equr-potential lines follow the
boundaries of the ore body very closeiy, except at a few zones of lowconductrifiti- wrthin the hody The maximuni potential drop along the
path of strongest current densdy m this section is found to be of theorder of 20 niV, the lowest potentral being at depth and the hignest nearthe suriace Sine real minunum potent ia1 drop aiong the path may
possibty be even sniader, sinc c it is difticint to find the exact bestposition of the eiectrodes Thts potentiat arop shows that currents
must be runnnig downwards throhgh the ore The resistfyity of thecompact ore ts approximat ely 0 75 ohm ciii (Fig LI Using this
value, the maxmium curreut densitiv through the ore is calchlated toapproximatety 5 milltamperes pr m A depth the position of the
maximtim current density path seems to pass NW ut the drin holes49 and 3 V indicating an interesting possibility lor linding depth exten-sions of the thicker parts ui the ore body,
The electrac currents within the ore deposit must be distributedaccording to the laws of Kirchhoff Pyrite, is the best conductor (seepage 5), of the main ore minerals A close connection between SPand pinnte content of the ore should therefore be expected In Fig. 10
SP is compared with sulphide content 01 drn1 cores, which is a goodindication ot the pyrite content of this ti•pe 01 ore It is seen that high
S2 generdid- corresponds to low SP reJ  dings Occasional exceptionfrom this rule inay apparentiv be due to the fact that Sis given diiaverage per metre drili core, while SP is recorded more continously.



Any possible effects from (n, and 7.n minerals seem 10 be 0.ershadowed

by the effecl of thr pyrite

Ionm turreht pot i ii

The distributton pattern of lonic potentlals (hEig I att be reore easily

interprelea than the pattern oi the ortginat data (Fig -1) from which

they are estmmtea (fhe pattern oi Ionic current potentials is silitular


to that caused b\ a diuele kitb some moaifications which are probably

due to the irregular shape of ore boay. The two negative centers


which occur al the surlace are • ery iikely caused by Ibe two sulphide

bodies, the main ore and 1,11tegangen respectumly-

The highest potential obsert ed iii the proble in Fig 11 is about 120 mV,

indicatmg a positu..e c entre sunated near the lower end of the ore body.

This is in agreement with the resnats en ni Fig 6 where it is seen

that the ar 4N1 10 N1 and 11 NI 11e on the NW side of the

potenthal mannum Ihe posa ton oi the eentre relation to the ore


cannot be determined exacliN mm to lack of drial hotes, and a maximum

exceeding 120 m V migh extst nearer to a possuble thicker part of the

lower end of the ore soloewhere ontside section AA The ionic currents


above the ore body can be visulltztd by the average Yert Mal current

density, , alung dral hole gi•en by

z

where is the resistiyity of the snrrounding country rock and

is
å V 


the aver ige tertmat ionit potentha1 gradient between thez

earth surlah e and the hanging ttall boundart of the ore estimated from

SP-logs The tesulting v rtical current densittes are given iii

table 1, nsmg 3 1 10 olun ni as resi of the tonntry rock.

The honzontai projection of the alstilo ion 01 the t ertical monic

current densay. which is shown iii blig 12, agrees well with the

picture itt section AA in Fig I I The direction øl the current is

mainly upwards aboye the ore (it aepth (around the luties 3 V and 19),
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downwards aboce the central parts of the ore body, and upwards above

the upper parts of the body

From the data in Big 1 I the erage horizontai irrent densities Jh

abo.ve the ore body e been estimated by computmg the potential gra-




dient between drili Noies , ane multiplying with the :iverage conducti-

vity 3.EIe total current densities are estimated as the vector sum of
Jv and J

bctween

see tabie Z, which shows the ionic current densities vary

1 and 0 3 microampere per2 in the country rock above

the ore body.

It shouid be remembered that the vertical current densities calculated

above presuppose the same potentiat in the pore water of the bedrock

as in the drill hoie water This wili not necessarity be the case since

the water filied hole is a much better electric conductor than the

country rock (see page 6) "Ihe calcuiated ,,ertical current densities

for country rock, therefore. most probably are low. The calcu-




lated horizontal current densities, however, would possibly be closer

to the true values

SP MODEL

Based on the described dist r ibution of SP at Joma a simplified

schematic model is shown in Fig 14 if one approaches the ore


from a reference point A the self potential decreases eveniy until

a point fl near the upper end of the ore At the country rock/ore


interface the potential drops abruptly at point C from where it

decreases slowly with depth inside the ore. At the ore/countrv-

rock interface between D and B the potential increases suddenly,

and from E on through F to A the SP decreases reguiarily back

to the reference zero potential

The potential pattern seems to fit well into the modei of a galvanic

cell which the pore water oi the coJntrv rock constitutes the


electrolyte and the massive ore the electrude, the upper end be ng

the cathode and the lower cnd heing the anode The electrolyte


varies in composition between cathode and anode haing higher
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oxidation potential around the shaliower part than around tIat deep

part. The electromotive force of the cell is situated at the interface

between ure and country rock, its theoretical magnitude heing the Eb
difference of the pore water in the country rock at the upper end and that

at the lower end A current will run through the cell driven by a


voltage which is equal to the EME minus potential drops catised by

polarization and ohmic resistance of eiectrolyte and electrode. In the

ore body, which represents the outer conductor of the cell, electrones

will flow from almde to cathode, i. e. upwards. In the country rock

which represents the inner electrolyte of the cell, cations will move
+upwards and anions downwards, the cations (mainly being discharged

at the surface of the upper end of or e, producing 112, and the anions


(mainly 01-1-) being discharged at the lower end of the ore producing

02 and II 0. 'fhe 11 produced at the upper end will ilmst probably2
react with oxidizing species of the atmosphere or waters, and might

for example, reduce 02 to H20 The 02 produced at depth will ana-

logously react with reducing species, and, for example, oxidize

F2+e .

This rnodel is eonsistent with the mechanism proposed by Sato and

Mooney (op as far as the distribution of self potentials in the


silicions country rock surrounding the ore body is concerned. We

have called t hese potentials ionic corrent potentials: in the case of Jorna

they show a maximum variation of approxirnately 200 in V, which is

well within the theoretical maximurn limit (400 m estimated by Sato and


Mooney (op.

As refered by Sato and Mooney, SP of the order of minus 1 - 1.5 V

are frequently found in connection with graphite or sulphides.

This is in agreement with our experiences from Norway. We believe

that self pot entials of this order can be dernonstrated only when one

of the electrodes is located in the country rock and the other is in

direct electric contact with 0 sulplUde body or other good conducting

mineralization. At Joma pot ent tal minima of the order of - i00 mV

were found under such conditions These high potential differences


should not he confused with the more srnooth ionic current pot entials

within the country rock. Because of the electromotive force
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postulated at the sulphide/country rock interface the Laplace con n-
uity equation can not be applied across the ore boundaries. The
potentials within and outside sulphide bodies must consequently be treated
separately. The potentials within suiphides need some explanation
in addition to the theory proposed by Sato and Mooney, a matter
which wili be dealt with in a forthcorning publication. (13¢1viken and
Logn, in preparation. )

PRACTIGAL CONSEQUENCES

The self potential method has a particular position among the electric
ore-prospecting methods, since the energy supply might be interpreted
as a dipole with two current electrodes. When regarding the potentials
of the country rock outside the ore body the negative pole will be
positioned in the upper end and the positive in the lower end of the ore
body. When regarding the potentials within  the ore body, the positive
pole will be positioned at the interface of the country rock and the
upper end of the ore body and the negative analogously at the lower end.
We do not know of any other geo- electrical rnethod where such a
position of current eiectrodes are possibie without knowing the pos
tion of the lower and upper end of the ore in beforehand.

With this natural electrode configuration measurernents of self
potentials in the country rock outside the ore may produce

!I) potentiai distribution patterns at the earth surface which

may be easily interpreted.

(2) potentia1 distribution patterns in dr 11 holes which may

give information about extension towards the depth of an

ore bocty, in particular assist in location of the lower

positive pole, and provide data for anestimationof volume

or tonnage of the lower part of an ore body if the upper

part is known through diamond
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The distribution of self potential within the ore body may be used as a

corrective guide in a drilling programme by

indicating the directmn of the thickest compact part

connecting th• upper and the lower part ol an ore body.

being an alternative to chemical analyses of drill cores or

drill cuts

Beside ha‘ing these possible practical consequences in geophysics,

the concept of sulphide ore and country rock pore water forming a

galvanic concentration ceiL may a1so have important implications m

geochemicai exploration as recently pointed out by Govett (1973). It

is not unlikeiy that the concept might lead to a better understanding

of the principles - in particular the eiectrochentic a1 mechanisms

behind the dispersion of chemicai elements around ore deposits.
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Table 1 Average ver ical current density Jv in the hanging
wall country rock (greenstone), Joma pyrite deposit,




central Norway. Resistivity

ohrn cm. Positive current

of greenstone 3.1 • 105

is upwards.

Drill hole
j v (itA/rn2) Drill hole Jv (imA/m 2)

3 V + 0.033 4 M - 0.233
16 M + 0.065 5 N - 0.151
16 M - 0.133 119 - 0.366
10 M - 0.018 117 + 0.667
11 M 0.083 116 + 0.306
12 S - 0.167 2 H + 0.234
33 N - 0.0394 1A - 0.024
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Table 2 Average horizontal, Jh and total, Jt current density
between drill holes through the hanging wall country
rock (greenstone), Joma pyrite deposit, central Norway.
Jv is taken from table 1. Resistivity of greenstone
3. 1 • 105 ohm cm.

Drill holes depth

(1t)

J v 
2

)4 A/rril
Jh ,

(14A/m)
Jt

(jAA/m-)

3 V - 49 120 + 0. 049 0. 104 0. 114
49 - 10 M 90 + 0. 024 0. 094 0. 097

10 M - 11 M 70 - 0. 051 0. 214 0. 220
11 M - 4 M 60 - 0. 158 0 0. 158
4 M - 5 N 55 - 0. 19Z 0. 095 0. 214
5 N - 116 40 + 0. 078 0. 278 0. 298



FIGLTRES 


Fig. 1. Geologca1 map ot the area surrounding the joma pyrite
deposit, central Norway After R Kvien (personal
commumcanon 1972)

Fig. 2. ResistTi vaty of pure m-,nerals (Parasms 1966) and massive
sulphide ore, sulphide d. ssemjnations and country rock
of dr111 core samp1es from Joma pyrite deposit central
Norway

Abscissae ReE.st.ifity, Ordmate SpeciF.c gravity.
Magnetite Py Pyr te; Po Pyrrhotite; Cpy:

Cha1copyrrte

A Ma s sive suipirde or e

13 Sulphide d'sseminations

C Graphinc phyUlte

D Greenstone

E. Phyllite

Ghalcopyr py rite ore

Fig. 3. Self potenbals and geologacal observations in diamond
drili holes 3 V, 10M and 1A at Joma pyrite deposit

central Norway SP variations are separated graphically
into two parts an abruptly alternating potential
(black) ard. (2) general potentia1 trend (bottom inclined
line) see Fig. 7

Fig. 4. Self potectialin dr:1J hol,es projected into section AA
Jorna pytite depos,t, central Norway.
Locat: on of sect_on AA ts shown in Eig 5.

Fig. 5. Surface d1str..bu7.on of seE potentia1s at Jorna pyrite
deposit, centrai NorwaN Potentials are rneasured

along the indicated probles



Fig. 6. Self potentials along profile 13-B, Joma pyrite deposit,
central Norway. Location of profile is shown in Fig. 5.
SP variations are separated graphically into two parts
(1) an abruptly alternating potential (black) and (2) a
general potential trend (bottom line), see Fig. 7.

F g. 


Fig. 


F g. 


F g. 


Graphical separation of self potential log into ionic
current potentials of country rock and electronic current
potentials of sulphides.

Horizontal projection of distribution of minimum self
potentials within the ore body. Joma pyrite deposit,
central Norway.

Distribution of self potentials within rnassive sulphides
at Joma pyrite deposit, central Norway (lower half).
The position of the ore is indicated in the upper half of
the figure.

Correspondence between sell potentials and percentages
of S and Cu + Zn in diamond drill holes 117 and 119
crossing the ore body, Joma pyrite deposit, central
Norway. Geological and chemical data after Svinndal
(1968).

Fig. 11. Distribution of ionic current potentials in drill holes
estimated from data in Fig. 4 projected into section
AA, Jorna pyrite deposit, central Norway. For location
of section AA' see Fig 5. Principle for separation of
self potentials into ion c and electronic current potential
is shown in Fig. 7



Fig. 12. Horizontal projection of vertical ionic current potential
in the country rock, Joma pyrite deposit, central Norway.
Unit on contours: 10-2,.A/m2.

Fig. 13. Simplified SP model based on the distribution of self
potentials in vertical sections through country rock
and ore, Joma pyrite deposit, central Norway.



-; • HMA
(IPC51 I

Åi‘

 sfr

QUARTZITE, GRAPHITIC

PHYLLITE. GRAPHITIC

GREENSTONE

OUTCROP OF ORE DEPOSIl

SURFACE PROJECTION
OF WORKABLE ORE

FOLD AXIS

0,5 1,0krn

r.trryj)rjr_rrj ,oçan\

jc)( ii:iHrjr)ri()H
rve

ik-r-:(C)•
/

0

rcJ

FIG 1



IflINE a ee e a e effla -11M-

o M
Py5.0

Cpy

B
NJ • •

25° 600 500 70° Vein 80°
network

rr
10-2 100

Mean
bands

angle between pyrrhotite
and drill core

•,
• ••
•

4
10 106

•

g/cm3

5.0

4.0

3.0

8
10




..c*




g/cm3

3.0

Po

4e



e ION a a 111. Mal fl fl fl 0100 a a a e a ea sa

10-1 volt

-4 -2 0 -4 -2 0 -6 -4 -2 0 -4 -2 0 -4 -2 0

	

Om
Om

	

100m
100m

[DDH 5N!
200m

200m

DDH 10Mi300m
300mLITHDH491

[DDH 3  1j
IDDH  1A]

(771 Sulphide disseminations Massive sulphide ore

Interbanded phyliite and greenstone Phyllite (graphitic)Greenstone



3V 49

.. ,

-MENIII-•11=-011• -101-rn

. .. •
ItH }IIflril ;

10M tim 4M 5N
116

,

Negative potentials Positive potentials




0 - 200 mV




0 - 50 mV




200 - 400 rnV




50 - 100 mV




400 - 800 mV




 100 -150 mV




..... . ...

0 150m

1A



OUTCROP OF ORE DEPOSIT

ORE THICKNESS >30M

ORE THICKNESS 15-30M

() 100 200mORE THICKNESS 5 -15M L._

FIG.5

-50



eme ome owe now oom emo

mVmV 800m 600m 400m 200m
+200 +200

200 -200

I

I I

I I

-400 II -400

600 	 -600


RIVER
-800

580

500

m.as.l.

800

580

500

mas IORE BODY



IONIC CURRENT POTENTIAL

ELECTRONIC CURRENT POTENTIAL

SP-LOG ESTIMATED LINE

DRILLHOLE

DEPTH

OF

SELF POTENTIALS

eue ore sew offil eme offie effie wei eim se 01•11 11•0



effie eme oe• fl leme iffie ime fl ame mi• offie wei fl fl woo

4 9

4 M
117

4 9

I 
 0 - 30mv

30 -- 100mV

[ 1100 - 500mV

500 -800mV150m



FIG 9

100 200m

OUTCROP OF ORE DEPOSIT

ORE THICKNESS >30 M

ORE THICKNESS 15-30M

	 ORE THICKNESS 5-15 M

49 0, DIAMOND DRILL HOLE

1A0

sa
°%14812as%

ast ra cs,

490

•

3 vO,

rS%



DDH 119 DDH 117

mV -600 -400 -200 0 mV -400 -200 0

PS

-s•

••

0

(VoCu+Zn

40 20 0 10

% S % Cu +Zn

40 20

0/o S

•••

0
E

•

low les mos



01•11 " 111011 MIO MEI fl fl fl 011111 10101 offie offie eire fl fl ree fl fl offie

3V 49
4M 5N

116 1A

- n

ckD
0

0 150m  Ore body



:019 11-11LKN!

100 200m
(1)11111111 191v1

: HAy,,

l'abzussak.

.•::i1:
N <Ki11.,

2 -

/,:1,1);10 M 0/1:•1•1:

1e
CL
'cz

/
Q.
-3 19 0

cck—

\—> \

Q \
0

•

:3VO.

01.11CR011111 11/1191_ PC/S111

L 11-11/1, 1A N1



ISIFO INN MIN

mV

0 • •
••• ••~0• •

mV

0

500 - 500

C• •

lonic current Electronic current

COUNTRY ROCK

lonic current

1000 -1000COUNTRY ROCK

E.M.F E.M.F


