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< SP -paiterns hoth in drill holes and at the surface are separated into two parts: ( I) a general trend indicating the dipole pattern in

Ithe countr  roek around the deposit with maximum potential variations approximately 200 mV: and (2) alternating potentials

with minima down to -800 mV itt the massive sulphides. the steep eradients of which indieate EMF's at the?
eountr  -mek sulphide interfaces.

1Sulphades and country rocks are supposed to constitute ealvanie eells of which the sulphide represent dipole eleetrodes, and
the pore waler of the country roek the eleetrolyte. The redox potetial of the pore water deereases with the depth.

i

k

1 Separation of the SP potential pattern into two dipole systems offers possebilities for (1) locating possible extentions of

i orebodies with depth; (2) rough estimations of tonnage of total ore bodies if the tonnage of upper parts are known; and (.; )

1 estimations of sulphide contents of ore seetions without analyzing drill cores or drilline cuts. The eoneept of the ealvanie cell

indieates the electrochemical processes to some extent control the dispersion of chemical elements aroimd the ore deposits.
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ABSTRACT

Logn, 0. and BdIviken, 13. 1974. Self potentials at the Joina pyrite deposit, Norway. Geoexploration,
12: 11- 28.

SP-patterns both in drill holes and at the surface are separated Mto two parts: (1)a general trend in-

dicating the dipole pattern in the country rock around the deposit with maximum potential variations

approximately 200 mV; and (2) alternating potentials, with minima down to —800 InV in the massive

sulphides, the steep gradients ol which indicate EN1E's at the country•tock/sulphide interfaces.

Sulphides and country rock are supposed to constitute galvanic cells of which the sulphides repre-

sent dipole electrodes, and the pore water of the country rock the electrolyte. The redox pot ellt ial 0r

he pore water decreases with depth.

Separation of the SP polential pattern into two dipole systems offers possibilities for: ( I ) locating

possible extentions of ore bodies with depth; (2) rough estimations of tonnage of total ore bodies

if the tonnage of upper parts are known; and (3) estimations of sulphide contents of ore sections with-

out analyzing drill cores or drilling cuts. The concept of the galvanic cell indicates that electrochemikal

processes to some extent control the dispersion of chemical elements around ore deposits.

1NTRODUCTION

The existence of natural self potentials (SP) was first reported by Fox (1830). SP-anom-

alies in connection with ore bodies have later been demonstrated in a great number of

cases, after Schlumberger (1922) introduced the use of non-polarizable electrodes. The ap-

plication of the SP-method is to some extent based on empirical experience; the origin of

these natural potentials is not completely understood, although many explanations have

been proposed. An excellent survey of these theories is given by Sato and Mooney (1960)

in "The electrochemical mechanism of sulfide self potentials", where they relate the SP

to natural differences in redox potentials existing in the upper lithosphere. Sato and

Mooney (1960) do not, however, explain potentials lower than approximately 400 mV

in connection with solphide ores, while practical experienee has shown that negative poten-

tials lower than -1000 mV are often encountered in the field. The incomplete knowledge

about the nature of the self potentials seems to impede an exhaustive interpretation of

SP-results. This could be the main reason why SP-measurements are not very much used

nowadays in mining exploration, even though such measMements can be both simple and re-

liable. More knowledge about the nature of self potentials could be gained through studies

of their distribution at known ore deposits. Earlier work of this kind deals mostly with
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two-dimensional potential distributions at the surface above sulphide ore bodies. In ore

prospecting only a few reports have been published about measurements of self potentials

in drill holes or vertical sections even though the SP drill-hole technique is well established

in oil exploration (Lynch, 1962; Schlumberger, I 972).

Recently Parasnis (1970) and Malmqvist and Parasnis (1972) have reported interesting

results from both surface and drill- hole SP-measurements. They find that: (1) both mas-

sive and disseminated sulphides may give distinct SP-anomalies; (2) self potentials are sta-

ble in time, amplitudes of SP-variations being within 20-30 niV which would not scriously

disturb the much stronger potentials occurring around ore bodies; and (3)SP in drill holes

may be as low as —600 mV at a depth of 100 in which Parasnis ( 1970) considers contra-

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 pydte deposit, Tr$ndelag, central Norway. Joma was selected for this type of

measurement, because (1) the deposit was known to produce nice SP-anomalies, (2) was

well known through trenching a lot of diamond ddlI holes and some underground work,
and (3) was not put into production. Selected SP-results from Joma have been published

earlier (13$1viken 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 DESCRIP110N

Location and history

The Joma deposit is situated in North Trøndelag, Norway, near the Swedish border

(Fig.1), 580 ni above sea levd in a terrain of relatively gen tle topography. The maximum

height difference within the area of the ore body is about 30 m. The mean annual

temperature is approximately 1°C, and the average summer temperature is about 7°C.

The overburden above the deposit is frozen approximately nine months per year, the froz-

en ground penetrating I. 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 world war, included different geophysical investigations and diamond drilling. A third

epoch which started in 1958, comprised further geophysical prospecting, exploratory un-

derground work and extensive diamond drilling from the surface. These investigations re-

sulted in an evaluation of 17 million tons of cuperiferous pyrite ore with 1.3% Cu, 1.7%

Zn and 35% S, which makes Joma one of the largest pyrite deposits in Norway.

In 1972, the deposit was opened for mining operation. Planned production is about

250,000 tons of orc per year.



Geological map of the area surrounding the loma pyrite deposit, central Norway. After R. Kyien
(personal communication, 1972).

Geology

The geology of the Joina deposit is deseribed by Foslie (1926), Foslie and S trand (1956)
and Oftedahl (1958). During the period 1964-1968, a detailed geological map was pre-
pared by R. Kvien (personal communication, 1972). Fig.1 is a reproduction of a part of
his map. The deposit is situated in a greenstone bed belonging to a series of alternating
supracrustal sediments and volcanies. The sedimentary rocks which dip under the green.

stone formation consist of phyll itic schists and quartzites, with a varying content of graph-
ite. The series are strongly folded during the Caledonian orogeny. Different folding phases
have been observed, the main fold-axis direction being approximately SW. The deposit lies
in a fold where the greenstone bed is thick.

The ore consists chiefly of compact pyfite with varying arnounts of chalcopyrite and
sphalerite, chaleopyrite being abundant in zones both in the hanging wall and footwall. Ac-
cessory galena occurs locally. In the greenstone of the hanging wall, a horizon, of dissemi-
nated pyrrhotite and pyfite occurs about 50-100 rn above the massive sulphides. The ore
body is shaped like a saucer gently dipping towards SW in the fold-axis direction, being
thickest in the central parts (maximum ca 35 m) and thinning out at the flanks. The COUll-
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try rock and the ore are rich in carbonates, a property which, together with the cold cli-

mate of the area, prevents any extensive oxidation of the ore.

Overburden and ground water

The ore body is covered except at the so-called "Elvegang", which is exposed in the

river Orvasselva on the eastern side of the deposit. The overburden consists of till, partly

also of bogs and weathered material. The thickness of the overburden varies from 0.5 m

to a few metres, being 0.5-1.2 111above thc suboutcrop of the ore. The conditions are ex-
cellent for surface potential measurements in the summer season. Since the overburden is

moist there are small contact resistances at the potential electrodes, and the reproducibil-

ity of single measurements was normally within 10 111V.

All diamond drill holes held stagnant ground water, except for one hole (DDH 12 S),
which had water flowing out at the top. In holes started on dry ground, the water level
was found at a depth of 5-8 m. The pH of ground water was measured to be 6.0-9.5,

and the water temperature was 3-10°C.

ELECITUC RESISTIVITY OF GROUND WATER, ORE AND COUNTRY ROCKS

Electric resistivity of the drill-hole waters measured on samples taken at different depths
was as an average 5,000 5-2cm, single values varying between 4,000 and 5,900 Rcm. This

relatively good conductivity yields low contact resistances at the electrodes, and the SP-

measurements in the drill holcs were reproducible within 1-2 mV.

9/cm3 9/cm3

5.0
M

Py 5.0

4.0

Por1=1-li

F-111-1C121,
Mean angle between pyrrhotite
bands and drill core

4.0

3.03.0

25° 130°50° 70° Vein 80°
network

-2
10 0 102 1104 0e 10e

cm

Fig.2. Resistivity of pure minerals (Parasnis, 1966) and massive sulphide ore, sulphide disseminations
and zountry rock of drill-core samples from loma pyfite deposit, central Norway.

Abscissae: resistivity; ordinate: specific gravity; M = magnetite; Py = pyrite; Po = pyrrhotite; Cpy =
chalcopyrite.

A = massive sulphide ore; B = sulphide disseminations; C = graphitic phyllite; D greenstonc;E =
phyllite; F = chalcopyrite - pyrite ore.
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The resistivity of ( I) compaet ore, (2) sulphide disseminations and (3) country rocks
was measured on drill cores, cut by a diamond saw to cylinders with the height approximately
equal to the diameter (32 mm). The results are indicated in Fig.2. The specimens were
carefully moistened under pressure to obtain conditions similar to those in situ, before
the resistivity was measured by a four-point method. In cores with disseminated sulphides,
the mean angle between pyrrhotite bands and drill-core axis was estimated, since the aver-
age resistivity would depend on this angle. Specific gravity of the cores was supposed
to be a useful parameter indicating content of sulphide minerals. Results of specific-grav-
ity mcasurenients are plotted along the ordinate of Fig.2. For comparison the resistivity
(Parasnis, 1966) and corresponding specific gravity (HurIbut, 1955) of pure minerals are
included in the figure. The compact pyrite ore has resistivities between 0.25 and 1.5 S2
cm, (area A in Fig.2), central value being 0.75 fl cm, which agrees well with the resistiv-
ity of pure pydte given by Parasnis (1966). As the Joma ore contains some chaleopyrite,
pyrrhotite and sphalerite, the specific gravity of the samples of the ore is lower than that
of pure pyrite. The two samples at the left hand side in area A contain pyrrhotitc, and
those at the right chalcopyrite, sphalerite and some quartz and calcite in addition to py-
rite. Chalcopyrite—pyrite ore (F, Fig.2) is less conducting than the pyrite ore, resistivity
being approximately 4 5-2cm, which is in correspondence with the data for pure chalco-
pyrite given by Parasnis (1966).

The pyrrhotite disseminations from the country rock of the hanging wall cover a larger
area of variation (B, Fig.2) than the compact ore types. The resistivity of the samples of
pyrrhotite disseminations is 0.02- 30 52 cm, the central value being 0.58 S2cm. The lower
resistivities of the group represent pyrrhotite banding along the core axis.

The greenstone of the hanging wall is represented by area D in Fig.2. The resist ivity
varies between 10-5and 106 fl em; the central value in area D (3.1 • IO fl cm), is stip-
posed to be a fair estimate of the average values in the greenstones surrounding the Joma
deposit. The following average resistivity contrasts can be estimated:

Pore /Pgreenstone :ze1/430,000

Pore/Pdrill-hole waters 1/6,700


Pgreenstone/Pdrffl-hole warors ze 60

Resistivity of threc graphilic phyllites is indicated (C, Fig.2), the central value being
850 fl cm. The resistivity of phyllite depends on the content of graphitic material. The
graphite-free phyllite (E, Fig.2) has the highest resistivity of all rock types investigated,
the central value being 7.7 • 106 fl cm. Average resistivity contrast between graphitie
phyllite and graphite-frec phyllite is 1/9,000.

SP- MEASUREMENTS

SP was measured (1) in diamond holes and (2) at the surface. In diarnond drill holes
the potential differences were recorded at depth intervals of 1-10 m between a stationary
reference electrode placed at the surface beside the hole and a mobile electrode lowered
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Self potentials and geological observations in dia mond drill holes 3 V, 49, 10 NI, 5 N and I A at

lonta pyrite deposit, central Norway. SP-variations are separated graphically into two parts: (I) an

abruptly alternating potential - black; and (2) a general potential trend - bottom inelined line (see

Fig.7

into the hole. In addition, the potential differences between the stationary elce trodes of

the ditTerent drill holes were measured to obtain a common reference for all SP-measure-

ments. Altogether SP was measured in fourteen holes distributed over the central parts of

the deposit. The hole lengths varied between 30 and 360 m. The last drilling operations
were finished three years before the SP-measurements. At the surface the potential differ-

ences were recorded every 50 m along 5 selected profiles; in areas of high potential gradi-

ents also at intermediate stations along the profiles. The potential of the background field

at some distance from the deposit was chosen as a common reference (tero).

The electrodes used consisted of Cwwire immersed in a saturated solution of CuSO4,

separated frorn the exterior by a wooden plug. The instrument was a potentiorneter with

I MS/ input resistance.

self polentials

SP-results of (a) four typical drill holes through ore (3V, 49, 10 M and 5'N) and (b) one

hole through the contry rock at about 200 m distance from the ore (1 A) are shown in

Fig.3. Results from eight holes projected into section AA' are presented in Fig.4 (see Fig.9

and I I for location of profile and ore, respectively). Two potential patterns can be dis-

tinguished:

( I ) Abruptly alternating potentials with several minima of varying magnitude.

(2) A general potential trend that seems to constitute some sort of a basis for the

abrupt potential variations.

is possible to separate these two patterns visually by drawing a continous line through
the inost positive values of the SP-curves as shown in Figs.3, 6 and 7.



The steep potential gradients occur at the boundaries of ( I) the compaet ore, and (2)

tIw sulphide disseminations, their SP-minima within the mineralization being of the order

of 400-800 mV and 100- 300 mV,respectively, regardless of depth ( Fig.3 and 4). Tlw

-400 mV contour, follows the boundary of the inassive ore fairly closely (Fig.4 and 11).

The general potential trend (which was reproduced by repeated measurements the next

year), is of the order of 0 50 mV within drill holes and maximum 200 my along the ore.

Tlw sign depends on the position relative to the ore body; in the holes 3V and 49, whWb

intersect the deeper part of the ore body (Fig.3), the potentials of the general trend in-

crease with increasing depth, and in the holes 10 M and 5 N, which intersect the upper

half of the ore body, the self potentials decrease with increasing depth. In the "back-

ground" hole I A, which is drilled through the footwall rocks, the general potential trend

is nearly constant through the greenstone in the upper part of file hole, and decreases

with increasing depth through the graphitic phyllites in the lower part.

SurPee self potentials

The potential distribution at the ground surface over tlw central part of the ore is

shown in Fig.5. and that along a profile BB', which crosses the greatest thickness of the

deposit, in Fig.6. The SIkvariations along this profile, which should be quite representa-

tive for the potential distribution along a geometdc symmetry plane of the deposit, is de-

seribed below. When one approaches the deposit from a reference point on the footwall

side, the SP decreases gradually about 100 mV. At Elvegangen which crops out in the

river, the potential suddenly drops (the minimum value could not be measured in the pro-

ffle due to high water level in the stream). Between Elvegangen and the main ore outcrop

the potentials again rise to approxirnately --100 mV, followed by an abrupt drop to a

3V 49

I 50 100 rnV

I I
1 I

150m I «I

1A116
10M 11M 4M 5N

Negatwe potenhals

0 - 200 mV

200 - 400mV

400 - 800mV

Positwe potentials


I 0 - 50 mV

100 -150 mV

l'ig.4. Self potential in drill holes projected into seetion AA" . Joma pyrite deposit, eentral Norwa Lo-

ea iMn of seetion AA' is shown in Fig.8.
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minimum of 800 InV alnwe the subouterop of the ore. On the hanging wall side, the po-

tential increases to cal150mV above the deeper parts of the body some 200 m from the

otiterop. Then a decrease follows until the polential reaches an approximately normal

value about 500 m from the onterop. On both sides of the strong anomaly eaused by the

main ore, Ibere are local minima. of wIneh those in the hanging wall roeks, being approxi-

matley 300 mV, are Nupposed be eaused b?„.pyrrhotite disseminations.

As ni the drIl holes Ihere seein be two potential distribution palterns, which ean be

separated I 1) alnuptly alternating pmentials oceurring iii che‘e eonneetion

s ph the sulphide minelalvations: and (2) a more smooth general poieiiimal rend, iii sonre

to„

- 50

OUTCROP OF COE L:LoGSO

[23ORE THICKNE SS >JOM

ORE THICKNO 511 o 30M

I irr.5. Surt:Iee distribution selt porentinIs at Jorna ril

IneasuretI along the incIreared

• eentral Norway. enhals are
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IONIC CURRENT POTENTIAL

ELECTRONIC CURRENT POTENTIA

SP-L

SELF POTENTIALS

Fig.7.6raphical separation of self-potential log into ionie current potentials of country rock and dec-
tronic current potentials of sulphides.

Electrotiie current potentka

The potential distribution within the ore was measured relative to the point of lowest
potential found in the ore (hok 10 M, in the central part of the deposit).

Fig.8 shows a horizontal projection of the distribution of the mimimum potentials re-
corded in each drill hole within the deposit. From both flanks of the ore body the mini-
mum potentials decrease towards the central part, where a Iow potential channel passes
along fiw ore between ilw upper and lower ends, indicating fiw thickest, best conducting
parts of the ore body where tlw electric currents are concentrated.

Fig.9 shows the distribution of SP within the ore in a vertical section along this low po-
tent ial channel. The equi-potential lines follow the boundaries of the ore body very closely,
except at a few zones of low conductivity within the body, The maximum potential drop
along the path of strongest current density in this seetion is found to be of the order of
20 mV, the lowest potential being at depth and the highest near the surface. The real mMi-
mum potential drop along the path may possibly be even smaller, since it is difficult to
find tlw exact best position of the electrodes. This potential drop shows that currents must
be running downwardS through the ore. The resistivity of the compact ore is approximately
0.75 Q cm (Fig.2). Using this value, tlw maximum current density through the ore is cal-
culated to approximately 5 mA/m2. At depth the position of the maximum current den-
sity path seems to pass NW of tlw drill holes 49 and 3 V indicating an interesting possibil-
ity for finding depth extensions of the thicker parts of the ore body.

ESTIMATED LINE
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lonic current potential

The distribution pattern of ionic current potentials (Fig.I I) can be more easily inter-
preted than the pattern of the original data (see Fig.4) from which they are estimated. The
pat tern of ionic current potentials is similar to that caused by a dipole with some modifi-
cations which are probably due to the irregular shape of the ore body. The two negative
centers which occur at the surface are very likely caused by the two sulphide bodies, the
main ore and Elvegangen, respectively.

The highest polential observed in the profile in Fig. I i is about 120 mV, indicating a
positive centre situated near the lower end of the ore body. This is in agreement with the
results given in Fig.6. The drill holes 5 N, 4 M, 10 M and 11 M lie on the NW-side of the
potential maxinlum (Figs.5 and 8). The position of the centre in relation to the ore
cannot be determined exactly due to lack of drill holes, and a maximum exceeding 120 mV
might exist nearer to a possible thicker part of the lower end of the ore somewhere out-
side section AA'. The ionic currents above the ore body can be visualized by the average
vertical current density,Jv, along drill hole given by:

Alt
J

1
•v p åz

where p is the resistivity of the surrouding country rock and AVIAz is the average vertical
ionic potential gradient between the ground surface and the hanging-waII boundary of the
ore estimated from SP-logs. The resulting verlical current densitites are given in Tahle 1,
using 3.1 • 105 Q cm as resistivity of the country rock.

The horizontal projection of the distribution of the vertical ionie current density, which
is shown in Fig.12, agrees weli with the picture in section AA' in Fig.II. The direction of

3V 49
4M 5N

116 1A

150m Ore body

Fig.1 I. Distribution of ionic current potentials in drill holes estimated from data in Fig.4 in section .4,1'Jtona pyrite deposit. central Norway. For location of section A.4 see l'ig.8. Principle for separation of
selt potentials into ionic and electronic current potential is shown in Fig.7.
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TABLE I

Averagevertical current density in the hanging-walIcountry rock (greenstone).loma pyrite deposit,

central Norway

Drill hole •Iv
Dril hole iv




(8A/m^)




(u/A/m`)

— -




3 V +0.033 4 M —0.233

49 +0.065 5N —0.151

16 M —0.133 119 —0.366

10 M —0.018 117 +0.667

II M —0.083 116 +0.306

12 S —0.167 2 H +0.234

33 N —0.0394 1 A —0.024

—




Resistivity of greenstone= 3.1 • 105 H cm. Positivecurrent is upwards.

the current is mainly upwards above the ore at depth (around the holes 3V and 49), down-

wards above the central parts of the ore body, and upwards above the upper parts of the

body.

From the data in Fig.11, the average horizontal current densitiesfh above the ore body

have been estimated by computing the potential gradient between drill holes, and multiply-

ing by the average conductivity. The total current densities are estimated as the vector

sum off,, and ./h (see Table II which shows that the ionic current densities vary between

0.1 and 0.314A/m2 in the country rock above the ore body.

It should be remembered that the vertical current densities calculated above, presup-

pose the same potential in the pore water of the bedrock as in the drill-hole water. This

will not necessarily be the case since the water-filled drill hole is a much better electric con-

ductor than the country rock (see p. 15). The calculated vertical current densities for coun-

try rock, therefore, most probably are too low. The calculated horizontal current densities,

however, would possibly be doser to the true values.

TABLE II

Averagevertical (iv), horizontal (./h) and total (Jt) current density betweendrill holesthxough the

hanging-wallcountry rock (greenstone),Joma pyfite deposit, central Norway

Drill holes Depth
(m) (kAlm`) (mA(m2) (uA/1172)

3 V —49 120 +0.049 0.104 0.114

49 —10M 90 +0.024 0.094 0.097

10 M— 11M 70 —0.051 0.214 0.220

I I M —4 M 60 —0.158 0 0.158

4 M —5 N 55 —0.192 0.095 0.214

5 N —116 40 +0.078 0.278 0.298

Jv is calculatedfrom Table I. Resistivity of greenstone= 3.1-10 fl cm.
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central Norway. Unit on contours: 10-2 pAhn2.

SP-SIODEL

Based on the described distribution of SP at Joma a simplified schematic model is
shown in Fig.I3. If one approaches the ore from a reference point A the self potential de-
ereasesevenly until a point B near the upper end of the ore. At the country-rock/ore inter-
face the potential drops abruptly at point C from where it decreases slowly with depth in-
side the ore. At the ore/country-rock interface between D and E the potential increases
suddenly, and front E on through F to the SP decreases regularly back to the rekrence

tero potential. The potential pattern seems to fmtwell inw the model of a galvanic cell in
which the pore water of the country rock constitutes the clectrolyte, and the massive ore
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Fig.13. Simplified SP-model based on the distribution of self potentials in vertical sections through coun-

try rock and ore, loma pyrite deposit, central Norway.

the electrode, the upper end being the cathode and the lower end being the anode, The

electrolyte varies in composition between cathode and anode having higher oxidation po-

tential around the shallower part than around the deep part. The electromotive force of

the cell is situated at the interface between ore and country rock, its theoretical magnitude

being the Eh 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

E.M.F. minus potential drops caused by polarization and ohmic resistance of electrolyte

and electrode. 1n the ore body, which represents the outer conductor of the cell, electrons

will flow from anode to cathode, i.e., upwards. ln the country rock which represents the

electrolyte of the cell, cations wii move upwards and anions downwards, the cations

(mainly Flt) being discharged at the surface of the upper end of the ore, producing 112,and

the anions (mainly OH-) being dischargedat the lower end of the ore producing 02 and
1120.The H2 produced at the upper end wil most probably react with oxidizing species of

the atmosphere or waters, and rnight for example, reduce 02 to 1120. The 02 produced at

depth will analogously react with reducing species, and, for example, oxidize Fe2+.

This rnodel is consistent with the mechanism proposed by Sato and Mooney (1960), as

far as the distribution of self potentials in the silicious country rock surrounding the ore

body is concerned. We have called these potentials ionic current potentials; in the case of

loma they show a maximum variation of approximately 200 mV, which is well within the

theoretical maximum limit (400 mV) estimated by Sato and Mooney (1966).

As mentioned by Sato and Mooney, self potentials of the order of -1 to 1.5 V are fre-

quently found in connection with graphite or sulphides. This is in agreement with our ex-
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perience from Norway. We believe, that self potentials of this order can be demonstrated
only when one of the electrodes is located in the country rock and the other is in direct
electronic contact with a sulphide body or other good conducting mineralization. At Joma,
potential minima of the order of —800 mV were found under such conditions. These high
potential differences should not be confused with the more smooth ionic current poten-
tials within the conntry rock. Because of the electromotive force postulated at the sul-
phide/country-rock interface the Laplace continuity equation eannot be applied across the
orc boundaries. The potentiah within and outside sulphide bodies must consequently be
treated separately. The potentials within sulphides need some explanation in addition to
the theory proposed by Sato and Mooney, a matter which be dealt with in a forth-




coming publication (13¢ilviken and Logn, in prep.).

PRACTICAL CONS•QUENCES

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 elec-
trodes. When regarding the potentials of the country rock outside the ore body, the nega-
tive 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 polc will be posi-
tioned 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 method
where sueh a position of current electrodes is possible without knowing the position of
the lower and upper end of the ore beforehand.

With this natural electrode configuration, measurements of self potentials in Me country
reck outside the ore may produce:

( I) Potential distribution patterns at the earth's surface which may be easily interpreted.
(2) Potential distribution patterns in drill holes, whieh may give information about ex-

tension towards the depth of an ore body, in particular assist in location of the lower posi-
tive pole, and provide data for an estimation of volume or tonnage of the lower part of an
ore body if the upper part is known through diamond drilling.

The distribution of self potentials within the ore body may be used as a corrective guide
in a drilling programme by:

( I )Indicating the direction of the thickest compact parts connecting the upper and the
lower part of the ore body.

(2) Being an alternative to chemical analyses of drili eores or drill cuts.
Beside havingthese possible practical consequences in geophysics, the concept of sul-

phide ore and country-rock pore water forming a galvanie concentration cell, may also have
important implications in geochemical exploration as recently pointed out by Govett
(1973). It is not unlikely that the concept might lead to a better understanding of the prin-
ciples in particular the electrochemical mechanisms — behind the dispersion of chemical
elernents around ore deposits.
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