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_ Sammendrag, innholdsfortegnelse eller innholdsbeskrivelse
SP-patterns both in drill holes and at the surface are separated into two parts: (1) a general trend indicating 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 mV in the massive sulphides, the steep gradients of which indicate EME’s at the

Sulphades and country rocks are supposed to constitute galvanic cells of which the sulphide represent dipole electrodes, and
the pore water of the country rock the electrolyte. The redox potetial of the pore water decreases with the depth.

Separation of the SP potential pattern into two dipole systems offers possebilities for (1) locating possible extentions of
orcbodies 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 without analyzing drill cores or drilling cuts. The concept of the galvanic cell
indicates the ¢lectrochemical processes to some extent control the dispersion of chemical elements around the ore deposits.
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ARSTRACT

Logn, @, and Bélviken, B. 1974, Selt potentials at the Joma pyrite deposit, Norway. Geoexploration,
§2: 11 28,

SP-patterns both in drill holes and at the surtace are separated into two parts: (1) a general trend in-
dicating the dipole pattern in the country rock around the deposit with maximum potential varations
approxamately 200 mV;and (2) alternating potentials, with minima down te =800 mV in the masave
sulphides, the steep gradients of which indicate EMI7s at the country-rack/sulphide interfaces,

Sulphides and country rock are supposed to constitute galvamc cells of which the sulphides repre-
sent dipole eleetrodes, und 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 dipele systems oflers possibilities for: (1) locating
possible extentions of ore bodies with depth: (2) rough estimations of tonnage of total ore hodies
1 the tonnage of upper parts are known; and {3) estimations ot sulplide contents of ore sections with-
out analyzing drill cores or drilling cuts. The concept of the galvanic cell indicates that electrochemival
processes Lo some extent contral the dispersion of chemical elements around ore deposits,

INTRODUCTION

The existence of natural selt” potentials ($P) was fist 1eparted by Fox (1830). SPanom-
alies in connection with ore bodics have later been demonstrated in a great number of
cases, alter Schlumberger (1922) introduced the use of non-polarizable electrades. The ap-
plication of the SP-method is to some extent based on empirical experience: the origin of
these natwal potentials is not completely understood. although many explanations have
been proposed. An excellent survey of these theories is given by Sato and Mouney ( 1960)
in “The electrochemical mechanism of sulfide self potentials”, where they relate the SP
te 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 cannection with sulphide ores, while practical experience hus 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-mcasurements are not very much used
nowadays in mining exploration, even though such meastrements 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 bodics. In ore
prospecting only a few reports have been published about measurements of sell potentials
in drili holes or vertical sections even though the SP drill-hole technique is well established
in oil exploration (Lynch, 1962: Schlumberger, 1972,

Recently Parasnis (1970) and Malmgvist 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 distinet SP-anomalies: (2) self potentials are sta-
bte in time, amplitudes of SP-variations being within 2030 mV which would not serjously
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 m which Parasnis ( 1970) considers contra-
dictory to the carlier theory of sulphide oxidation as the main mechanism responsible for
sutphide self potentials,

The present paper is a report of the distribution of SPin drill holes and at the surface
at the Joma pyrite deposit. Tréndelag, central Norway. Joma was sclected for this type of
mensurement, because (1) the deposit was known to produce nice SP-anomalics, (2) wus
well known through trenching a lot of diamend dnil holes and some underground work,
and (3) was not put into production. Selected SP-results from Joma have been published
carlier { Bplviken et al.. 1973). The investigalion seems to corroborate the theory of
clectrochemical mechanisms as being the origin ot selt” potentials. and indicates that an
improved interpretation ot SP-results may have practical consequences in prospecting,

GENERAL DESCRIPTION
Logarion and history

The Joma deposit is situated in North Trgndelag, Norway, near the Swedish border
(Fig. 1), 580 m above sca level in a terrain of relatively gentle 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 {roz-
en 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
[ocated by trenching and some dizmond drilling. A second expleration epoch, during the
last world war, included different geophysical investigations and diamond drilling. A third
epoch which started in 1958, comprised further geophysical prespecting, exploratory un-
derground work and extensive diamond drilling from the surface. These investigations re-
sulted in an evaluation of 17 million tons of euperiferous pyrite ore with 1.3% Cu, 1.7%
Zn and 35% S, which makes Joma one of the lirgest pyrite deposits in Norway.

In 1972, the deposit was opened for mining operation. Planned production is about
250,000 tons of ore per year.

2y
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Fig 1. Geological map of the area surrounding the Joma pyrite deposit. central Norwav, Atter R, Kvien
tpersamal communication, 1972).

Geology

The geology of the Joma deposit is described by Foslie (1926), Foslie and Strand ( 1950)
and Ofteduhl {1958). During the period 19641968, a detailed geological map was pre-
pared by R. Kvien (personal communication. 1972). Fig.1 is a repraduction of a part of
his map. The deposit is situated in a gieenstone bed belonging to a series of altenating
supracrustal sediments and voleanics. The sedimentary rocks which dip under the green.
stone formation consist of phyllitic schists and quartzites, with a varying content of graph-
ite. The scries are strongly tolded during the Caledonian orogeny. Different fulding phases
have been abserved, the imam fold-axis direction being approximately SW. The deposit lies
in 4 told where the greenstone bed is thigk,

The ore consists chiefly off compact pyrite with varying amounts of ¢halcopyrite and
sphalerite. chalcopyrite being abundant in zones both in the hanging wall and footwall. Ac
cessory galena oceurs locally. In the greenstone of the hanging wall, 1 horizon of disseni-
nated pyrrhotite and pyrite occurs about 50-100 m above the massive sulphides. The ore
body is shuped 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 coun-
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try rock and the ore are rich in carbonates, a property which, together with the cold cli-
miate of the area, prevents any extensive exidation of the ore.

Qverburden and ground water

The ore body is covered except at the so-called “Elvegang™, which is exposed in the
river Orvasselva on the eastent side of the deposit. The overburden consists of titl, partly
also of bogs and weathered material. The thickness of the overburden varies from 0.5 m
Lo a few metres, being 0.5-1.2 m above the subouterop of the ore. The conditions ure ex-
cellent for surface potential measurements in the summer scason. 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 mV,

All diamond drill holes held stagnant ground water, except for one hole (DI 12 8),
which had water flowing out at the top. In heles started on dry ground, the water level
was lound at a depth of 58 m, The pH of ground water was measured to be 6.0- 9.5,
and the water temperature was 3-10°C.

ELECTRIC RESISTIVITY O 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 §2 ¢, single values varying between 4,000 and 3,900 Qem. This
relatively good conductivity vields low contact resistances at the electrodes, and the SP-
measurements in the drill holes were reproducible within -2 mV.

9/em? 8fem?
=M
5.0 4 o Py - 5.0
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F =
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4.0 Py bands and drill core L 40
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ig.2. Resistvity of pure minerals (Parasnts, 1966) and massive sulphide ore, sulphide disseminations
and country rock of drill-core samples from Joma pyrite 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 = greensione; £ =
phyllite: /= chalcopyrite — pyrite ore.



The resistivity of (1) compact ore, (2) sulphide disseminations and {3) country rocks

was measured on drill cores. cut by a diamond saw to cylinders with the height approxinutely

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 measurements are plotied along the ordinate of Fig.2. For comparison the resistivity
(Parasnis, 1966) and corresponding specific gravity (Hurlbut, 1935) of pure minerals are
included in the figure. The compact pyrite ore has resistivities between 0.25 and 1.5 €2
em, (wrea A in Fig.2), central vatue being 0.75 £2 em, which agrees well with the resistiv-
ity of pure pyrite given hy Parasnis (1966). As the Joma ore contains some chalcopyrite,
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 pyrrhotite, amd
those at the right chalcopyrite, sphalerite and some quartz and caleite in addition (o py-
rite. Chalcopyrite ~pyrite ore (7, Fig.2) is less conducting than the pyrite are, resistivity
being approximately 4 §2 em. which is in correspondence with the data for pure chalco-
pyrite given by Parasnis (1960).

The pyrrhotite disseminations (rom the country rock of the hanging wall cover a larger
arca of variation (8, Fig.2) than the compact are types. The resistivity of the samples of
pyrrhotite disseminations is .02 30 §2 ¢, the central value being 0.58 £2 cm. The lower
resistivitics of the group represent pyrrhotite banding along the core axis.

The greenstone of the hanging wall is represented by area £ in Fig.2. The resistivity
varies between 10° and 109 §2 ¢ the central value in arca D (3.1 + 105 ¢y, is sup-
pased 1o be a fuir estimate of the average values in the greenstones surrounding the Joma
deposit. The following average resistivity contrasts can be estimated:

Pore /Pgrecnsmnc = 1/430,000
Porel Pdsill-hole waters ¥ 1/6,700
Ppn‘cmmncprdrill-hnle waters = 60

Resistivity of three graphitic phyllites is indicated (€, Fig.2). the central value being
850 §2 ¢m. The resistivity of phyllite depends on the content of graphitic materiat, The
graphite-free phyllite (£, Fig.2) has the highest resistivity of all rock types investigated,
the central value being 7.7 + 106 © cm. Average resistivily contrast between graphitic
phyllite and graphite-free phyllite is 1/9,000.

SP-MEASUREMENTS
SP was measured (1) in diamond dnill holes and (2) at the surface. In diamond 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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Fig 3. Selt potentials and geologicat observations i drnond doll holes 3V 49, 10 M, 8 Nund | A w
Joma pyrite deposit, central Norway . SP-variations are separated graphically into two parts: (1) an
abruptly alternating potential — black:and (2) a general potential trend — bottom inchned fine (see
TS

inta the hole, In addinon, the potential difterences between the stationary electrodes of
the difterent drill holes were measued o obiain a common reference for all SP-measure-
ments, Altogether SPwas measured in fourteen holes distributed over the central parts of
the deposit. The hole lengths vinied between 30 and 360 m. The last diilling operations
were linshed three yvears before the SP-measuiements. At the surface the potential differ-
ences were recorded every 50 m atong 3 selected profiles: in areas of high potential gradi-
ents also at intermediate stations along the protiles, The potential of the background field
al some distance from the deposit was chosen as a common reference (zero).

The electrodes used consisted of 'Cu-wire immersed ina saturated solution ol Cu80y.
sepaated (Tom the exterion by @ wooden plug. The instiument was a potentiometer with
I ML mput resistance.

Drill-ole self potentials

SPaesults of (a) four typical drill holes through ore (3V, 49, 10 M and §'N) and (b) one
hale 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 14" ate presented in Fig 4 (see Fig.9
ad 11 for location of profile and ore. respectively), Two potentiat patterms can be dis-
tnguished:

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

{2) A general potential tiend that seems 10 constituie some sort of a basis for the
abrupt poteniial variations,

Itis possible to separate these two patterns visually by drawing a contineus line through
the most positive vilues of the SP-curves as shown in Figs.3. 6 and 7.
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Vig 4. Selt porentisl in drill holes projected inte section A4, Joma pyrite deposit, central Norwiay. Lo
Gaton al seetion A4 isshown e Fig.8.

[he steep potennial gradients occur at the boundaies of (1) the compact ore, and (2)
the sulphide disseminations, their SP-minima within the mmeralization being ot the order
of 400800 mV and 100 300 mV, respectively, regardless of depth (Fig. 3 and 4). The

400 mV contour, fellows the boundary ol the massive ore fairly closely (Figd and 119,
Fhe general potentizl tend (which was reproduced by 1epeated meastements the next
vedrt, 15 of the order of 050 mV within drill holes and masimum 200 mV along the ore
I'ie sign depends on the position relative 10 the ore hady:in the holes 3Vand 49 which
intersect the deeper part of the ore body (Fig.3), the potentials of the general trend in-
crease with inereasing depth, and in the holes 10 M and 5 Nowhich intersect the upper
hall of the ore hody,the self potentials decrease with inereasing depth. In the “back-
ground™ hole 1 A, which s drilled through the footwall rocks. the general potential trend
is nesanly constant through the greenstone in the upper part of the hole,and decreases

with increasing depth through the graphitic phiviiites e the lower pait.
Surtace self potentials

[ he potential distribution at the ground surface over the central purt ol the ore is
shown in Fig.5. and that along a profile B8, which crosses the greatest thickness of the
depasit, in Fig.6. The SPwvarimions aleng this protile. which should be quite 1epresents
tive for the potential distiibution along o geometric sy mmetry plane of the depostt, s de-
scribed below. When one appreaches the deposit from areference peint on the foorwall
side, the SP decreases gradually about 100 mV, At Elvegangen which crops out in the
nver, the potential suddenly drops (the minmmum value could not be measured in the pro-
file due to high water level in the stream). Between Blvegangen and the main o1e outarop
the potentials again rise to approximately - 100 mV, followed by an abrupt drop toa
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Lig.5. Surtave distribution ot self potentials at Joma pyrite deposit, central Norway. Potentials are
measured ulong the indicated profiles.

mininmum of —800 mV above the suboutcrep ot the ore. On the hanging wall side, the po-
tential increases to ca +150 mV above the deeper parts of the body some 200 m from the
outcrop, Then a decrease fellows until the potential reaches an approximately normal
value about 500 m from the outerop. On both sides of the strong anomaly caused by the
main ore, there are local minima, of which those in the hanging wall rocks. being approxi-
matley 300 mV, are supposed to be caused by pyrrhotite disseminations.

As in the drll holes there seem to be two potential distribution patterns, which can be
separated graphicaily: (1} abruptly alternating potentials occurring in close connection
with the sulphide mincralizations: and (2) a more smooth general potential trend. in some
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Fig.6. Selt potentials along profile #8°, Joma pyrite deposit, central Norwuy. Location of profile is
shown in Fig.5. SPvariations are separated graphically into two parts: (a) abruptly alternating poten-
tialy - black; and (b) 1 general potential trend-~bottom line (see Fig. 7).

way connected with currents in the country rock. The positive maximum belongs to this
trend.

INTERPRETATION OF SP-RESULTS

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

(1} The abruptly alternating pattern is a consequence of the presence of electromotive
forces at the interfaces of country rock and sulphides, and indicutes indirecily that elec-
tronic currents pass wirhin the sulphides.

(2) The general trend pattern indicates that fonic currents pass through the pore water
ol the silicious country rock outside the ore body.

In the following, these two types of potentials are called “electronic current potential™”
and “ionic current potential™, respectively. As indicated above (Fig.3), it is in most cases
easy to separate the two potential patterns in drill holes by a simple graphical estimation
as illustrated in Fig.7. This procedure can also be used for suiface data (see Fig.0).
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g7, Graphical separation of seli-potential log into jonic current potentials of country rock and elee-
tronic current potentials of sulphides.

Flectronic current parential

The potential distribution within the ore was measured relative to the point of lowest
potential found in the ore (hole 1O M. in the cental part of the deposit).

Fig.¥ shows a horizontal projeciion of the distribution of the mimimum potentials re-
corded in cach drill hole within the deposit. From both flanks of the ore body the mini-
mum potentials decrease 1wwards the central part, where a low potential channel passes
along the ore between the upper and lower ends, indicating the thickest, best conducting
parts of the ore body where the electric currents are concentrated,

Fig.2 shows the distribution of SP within the are in a vertical section along this low po-
tential channel. The equi-potential lines follow the boundaries of the ore body very closely,
exeept at a few zones ol low conductivity within the body, The maximum potential drop
along the path of strongest current density in this section is found to be of the vrder of
20 mV. the lowest potential being at depth and the Tighest near the surlace. The real mini-
aunn potential drop atong the path may possibly be even smaller, since it is difficult to
find the exact best position ol the clectrodes. This potential drop shows that currents must
be running downwurds through the ore. The resistivity of the compact ore is approximately
0.75 L2 em (Fig.2y. Using this value, the maximum current density through the ore is cal-
culated to approximatety S mA/m?*. At depth the position of the maximum current den-
sity patl seems to pass NW of the diill holes 49 and 3 V indicating an interesting possibil-
ity for finding depth extensions of the thicker parts of the ore body.
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pyrite deposit, central Norway.

The electric currents within the ore deposit must be distributed aceording to the laws
of Kirchhoft. Pyrite is the best conductor (see p. 14) of the main ore minerals. A close
connection between SP and pyrite content of the ore should therefore be expected. In
Fig. 10, SP is compared with sulphide content of diill cores, which is a good indication of
the pyrite content of this type of ore. [tis seen that high $2- generally corresponds 1o
low SP-readings. Ocuasional exception to this rule may apparently be due to the fact
that $2= is given as an average per metre diill core, while $P is 1ecorded more ¢ontinuous-
lv. Any possible effects from Cu- and Zn-minerals scem to be overshadowed by the effect
of the pyrite.
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Fig.9. Distribution of self potentials within massive sulphides at Joma pyrite deposit, central Norway
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Fig.1 (1 Correspondence between self potentials and pereentages of 8 and Cu + Zn in diamond drill holes
117 and 119 crossag the ore body, Joma pyrite deposit, central Norway. Geological and chemical data
after Svinndal (1968).
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fonic eurrem porential

The distribution pattern of ionic current potentials (Fig.11) can be more easily inter-
preted than the pattern of the original data (see Fig.4) from which they are estimated, The
pattern of jonic current potentials is similar to that caused by a dipole with sume 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 potential vbserved in the profile in Fig. 11 is about 120 mV, indicuting 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 SN, 4 M, 10 M and 11 M lie on the NW-side of the
potential maximum (Figs.5 and 8). The position of the centre in relation 1o the ore
cannot be determined exactly due to lack of drill holes, and a maximum exceceing 120 mV
might exist nearer to a possible thicker part of the lower end of the ore somewhere out-
side section 44", The ionic currents above the ore body can be visualized by the average
vertical current density. /.. ulong drill hole given by:

_1 AV
oA

where p is the resistivity of the surrouding country rock and AV/Az is the average vertical
ionic potential gradient between the ground surface and the hanging-wall boundary of the
ore estimated from SP-logs. The resulting vertical current densitites are given in Tahle 1.
using 3.1+ 10° Q2 em as resistivity of the countiy rock.

The horizontal projection of the distribution of the vertical fonic current density, which
is shown in Fig.12, agrees well with the picture in section A4" in Fig.11. The direction of

1M

Ore body

Big. 1L Distribution of jonic current potentials in drill holes estimated from data im Fig.d i section A4
Toma pyrite deposit. central Norway. For location of section 4.4 see | 12.8. Principle

for separation of
self potentials inta onme and electronic current petential is shown m Lig, 7.
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IABLLE

Average vertical current density J‘. in the hanging-wall country rock (greenslone), Jomu pyrite deposit,
central Norway

Drill hole / Dirill hole J

! ¥
(::Afmz] (u/z‘\,'m2)
L B +(1.033 4 M 0,233
49 +0.065 5N 0151
6 M (1133 119 {1366
Tt M (4,018 117 +(),667
1M 0.083 116 +0.306
128 0.167 2H +(.234
3N 01,0394 1A 0.024

Resstivity of preenstone = 3.1 - 105 2 em. Positive current is upwards.

the current is mainly upwards itbove the ore at depth (around the Twles 3V and 49), down-
watds 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 densities J,, 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 arc estimated as the vector
sum ol Jy and Jy, (see Table 1 which shows that the jonic current densities vary between
0.1 and 0.3 pA/m? in the country rock above the oie body.

It should be remembered that the vertical current densines caleulated 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 singe the water-filled drill hole is 4 much better electric con-
ductor than the country rock (see p. 15). The calculated vertical cunent densities for coun-
try rock, therefore. mest probably are too low. The calculated honzontal current densities.
liowever, would possibly be ¢loser to the true values.

TABLE I

Average vertical 4, horizontal (/1) and total ¢fy) current densizy between drill holes through the
hanging-wall country rock (greenstone), Joma pyrite deposit, central Norway

[rill holes Depth S 4y, Sy
(m) (wA/m?) (uA/m?) wA/m®)
IV -4y 120 +00,049 104 0.114
449 10 M 90 +.024 1.094 0.097
M - 1IM ) 0.051 0.214 0.220
1M -4 M 6l 0.158 8] 0.158
4M SN 55 0,192 0.095 0.214
SN =116 40 +0.078 0.278 0.298

Jy is caleulated from Table 1. Resistivity ol greenstone = 3.1-10° €2 ¢m.
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SPMODREL

Based on the described distribution of SP at Joma a simplified schematic model is
showiin Fig. 13, 11 one approaches the ore from a reference point A. the self potential de-
creases evenly until a point B near the upper end of the ore. At the country-roek/ore inter-
face the potential drops abruptly at point C from where il decreases slowly with depth in-
side the ore. At the ore/countryaock interfuce between D and £ the potential increases
suddenly, and (rom £ on thiough F to 4" the SI° decreases regularly back to the reference
sero potential. The potential pattern seems 1o fit well into the model of g galvanic ¢ell in
which the pore water of the country rock constitutes the electrolyte, and the mussive ore
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Fig.13. Simplified SP-model based on the distribution of sclf potentials in vertical sections through coun-
try rock and ore, Joma pyrite deposit, central Norway.

the electrode. the upper end being the cathode and the lower end being the anode. The
clectrolyte varies in compuosition between cathode and anode having higher oxidation po-
tential around the shallower part than around the deep part. The clectromotive 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.E. minus potential drops caused by polarization and ohmic resistance of electrolyte
and electrode. In the ore body, which represents the outer conductor of the cell, electrons
will flow from anode to cathode, i.e., upwards. [n the country rock which represents the
clectrolyte of the cell, cations will move upwards and anjons downwards, the cations
(mainly H') being discharged at the surface of the upper end of the ore, producing Hy. and
the anions (mainly OH™) being discharged at the lower end of the ore producing O, and
H,0. The Hy produced at the upper end will most probably react with oxidizing species of
the atmosphere or waters, and might for example, reduce 0, 1o H,0. The O, produced at
depth will analogously react with reducing species. and, for example, oxidize Fel*

This model 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 orc
body is concerned. We have calied these potentials ionic current potentials; in the case of
Joma 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, scll potentials of the order of —1 to 1.5 V are fre-
guently 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 patentials ol this order can be demonstrated
only when one of the clectrodes is located in the country rock and the other is in direct
electronic contaet with a sulphide body or other good canducting mineralization. At Jonu,
potential mininu of the order of ~800 mV were found under such conditions. These high
potential difterences should not be confused with the more stooth fonie current poten.
tials within the country rock. Because of the clectromotive foree postulated at the sui-
phide/country-rock interfuce the Laplace continuity equation cannot be applied across the
ore boundaries. The potentials within and outside sulphide bodies must consequently be
treated separately. The potentials within sulphides need some explanation in addition to
the theary proposed by Sato and Mooney. & matter which will be dealt with in a forth-
coming publication (Bdlviken and Logn, in prep.).

PRACTICAL CONSEQUENCES

The self-potential method has a particular position among the electric ore-prospecting
methods, since the encrgy supply might be interpreted as a dipole with two current elee-
trodes. When regarding the potentials of the country rock eurside the ore body, the nega-
tive pale 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 posi-
tioned at the interfuce of the country rock and the upper end of the ore bady. and the
negative analogously at the lower end. We do not know of any other gea-electrical method
where such a pasition of cunient electrodes is possible without knowing the position of
the lower and upper end of the ore beforchand.

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

(1) Potential distribution patterns at the earth’s surface which may be easily interpreted.

(2) Potential distribution patterns in drill holes, which may give information about ¢x-
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 it the upper part is known through diamond drilling.

The distribution of setf potentials within the ore body may be used as u corrective guide
i a drilling programme by:

(1} Indicating the direction of the thickest compact parts connecting the upper and the
tawer part of the ore body.

(2) Being an alternative to chemical analyses of drill cores or drill cuts,

Beside having these possible practical consequences in geophysics, the concept of sul-
phide ore and country-rock pore water forming a galvanic concentration cell, may also have
importantimptications in geochemical exploration as recently pointed out by Govett
(1973}, It is nat unlikely that the concept might lead to a better understanding of the prin-
ciples — in particular the electrochemical mechanisms — behind the dispersion of chemical
elements around ore deposits.
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