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A Report concerning an inspection of the disused Skutterud cobalt
mines at Modum, together with s Discussion of the results thepeof
and Reflections on the structural control of the ore-deposition
by
F, M. Vokes.

Remort of inspection.
The inspeetion took place in the peried from 15th to 23rd

June 1956, The writer coopersted in pert with the NGU party
under Th. Siggerud who were carrying out a padicactive survey of
the araa.
Object of the inspection was to examine the surface werkings of
the Skutterud mines and all safely aeecessible underground vorkings,
with & view to deducing any structural controls which riny have been
operative during the Geposition of the ores. The information
gained frem the field date and their snalysis wes to be used to
aggess the possibilities of discovering further ore, DProposals

for future explorastion work were then to be made,
Area Inspected. All the sufaee workings between Muggerud Skierp
and Middagshvile SkjJerp were exsmined. Specisl weight was placed
on the maln mines from Bennecke Stoll to the north end of Nord-
gruven (see longitudinal section). The underground workings
inspected comprised Klara 8toll (x-cut and drive north); the
stopes Ustre No. 11, Vestre No. 11 and part of Vestre ¥o. 10;
Ludwlg Fngen Stoll (z~cut and drives N and S); Nordgruven (open
cast and all drives off this); Upper and Lower Exrum Stolls and
Zemmecke 8toll.

Use was made of the old mine plans, and especially of those
contained in the report of Lergingenidr Heltzen (October 1952),
Results of inspection (see discussion)., The results obtained
from the inspection‘show that the ores at the Skutterud mines
occurred in §§§¥5£§2£fohorizonc;11y elongnted shoots heving small
vertical; as corpared with horizontal, dimensions, HNo struetures,

(or other indications) ean be found which give rise to the
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possibility of the continuation of the ores in depth., On the

contrary the general geological conditions strongly suggest that
the ores have been deposited closely under the sub=-Cambrian pene-
plane and that the deposits worked in the past represented erosion=-
remnants of an original ribbon-like zone of mineralization, having
a large N-3 strike elongation but little wvertical depth.

The grade of the mineralization still left in the bottoms
of the workings is at the present uneconomie and it seems that the
bottom of the minerslization was reached by the old miners,

The writer does not, on the basis of the geclogical fects
and deductions from them, consider it advisable to go to the
expenditure necessary in crder to carry out a full exploration

programme, Thils would necessarily invelve a large amount of

diamond drilling and the targets are too weak and vague to justify
this.

Geological Discussion.

Geg

oy, Tils report will not touch on the general geology

of the area since the writer has little first-hand knowledge of
this, and other people have deglt with it. In particular, I,
Rosengvist (19%49) has described and discussed the petrology of the
"fahlbind® (ore-zone) rocks. The resder is referred to the biblio-
graphy at the end of Rosengvist?s publication for a list of works
dealing with the area,

The report, therefore, presupposes a familiarity with the
area’s general geologye It wlll deal mainly with the struetures
in the old mining area, and, in lesser detail with the grade of
the winerslization.
Structure. As is well known, the ores worked at Modum occurred as
bodies of cobalt sulphldes and impregnations in a so=called
"fahlbédnd-zone" which cen reech up to 300 meters in width, but
which is normally about 100 m., wide. Rosenqvist (op.cits)
distinguishes in the fahlbénd-zone at Mellom Gruve (see longltudinel

section) three distinet fahlbfinds which he cslls Troegerort
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fahlbdnd, Midlere fahlb&nd and Vestre fshlbind (see section cc).
Rosengvist stetes that these various fahlbinds are separated
from each other by comparestively narrow amphibolite bands,

The main strike of the rocks within end on either side of
the fahlbénd zone is N-S, and the dip is nearly always with
10° or 20° of the vertical, mostly to the east.

The length of the main fahlb&nd zone in the area 1s about
11 Kmy but the writer?s inspection was confined to the section
of the Skutterud mines, from Bennecke Stoll in the south to
Ludwig Stoll {Nordgruven) in the north-—a distznce of about
1700 metres,

Strike snd dip. There are very few deviations from the overall
N-S strike of the fehlbind-zone and few of these can be correlated
wlth the maln ore-bodies as shown by the old workings,

There 1s & slight evidence of & colncidence between a
worked part of the zone and a2 swing 1in strike direction in the
most soutlierly open-cast of Strgruven (on the westerly fahlband
here). The strike of the footwall rocks here swings from N 20°wW
to N 10°E from the south to the north of the working, which is
up to 20 metres wide,

North of the Berum "stolls" the strike swings to a direction
atout 20°W of N for sbout 100 metres, but then swings back, so
that at the southern extremity of the '"Mellomgruve workings
it has a direction of a few degrees E of No This value 1s
maintained fairly constantly as far as the north end of Nordgruven

As will be seen from the section along the workings the
area of the sbove~described swing in strike is apparently a
barren one., The old trenches along the fahlbind-zone here
reveal only wesk rusting. Also & drive south from Klara Stoll
x=-cut along the "Midlere fahlbind" encountered no ore in depth
in this area,

The rocks along the wells of the large open cast of
Nordgruven also show a veky slight swing in strike, from about
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N 10% at the southern end to N 20°F at the northern.

On the other hand the large open stope of Mellomgruven
gives no evidence of other than constant strike -~ her alrost N-S.

Thus the correlations between swing in strike and thicker
ore are very unsure and it does not seem as though there has
been any ore-control this way,

Local variations in the values of dip are numerous but a1l
are within 20° of vertical, the majority belng within 10°, As
can be seen from the sections across the ore zone, the dip as
a whole is generally to the east,

Linear structures. An attempt was made to deduce any linear

trends in the ore-shoots along the fahlbind-zone in order that
these might be used to point to further ore. As can be seen

from the longitudinel section, the outlines of the old workings

are not very helpful in determining ore=-shoot directions. They
indicate almost horizontal shoots, with a comparatively small
vertical dimension in relstlon to the horizontal one. The greatest
vertical depth of the main workings in Mellomgruven is 110-120
metres; in the other two mines, the workings did not extend more
than 50-70 metres below the outcrop,

It is generszl experience in ore-geology that ore-shoots are
often elongated in the lineation, or streteh direction,of the
enclcsing rocks when these are schistose or gneisscse. Thus
measurements were made slong the outcrop of the fahlbind-zone
and in the sccessible underground workings of the linear elements
in the rockse.

These were two types:

1« A preferred orientation of the elongeated minerals,
egpecially hornblende and biotite,

2¢ A grooving or large-scale slickensiding along the planes
of schistosity, especially well seen on the walls of some of the
0ld stopes, e.g. the west wall of the large open cast at Mellom-

gruven., This linear element indicates movement along these planes
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Rosenqvist (4949) mentions the phenomenon briefly under the

heading of "Glidestriper®,

Careful megsuremnts asnd comparisons showed that the two
linear clements coineide in direction, and thus they were mapped
as one “linegghdirection“.

The lineation measurements have been plotted on the
longitudinal section of the workings, and the general trends
of the lineation inserted.

The section shows that the plunge of the lineation 1s
everywhere fairly flat, usuelly never more than 2005 only
occasionally were values as high as 40°% recorded,

The measurements along the surface workings showed a steadlly
N-plunging lineation of the order of 20° from Bennecke Stoll to
a point about 150 metres north of the Dmrum Stolls. This latter
point sppears to be the centre of a depression of the lineetion,
and north of here the plunge becomes south at values of 150-200.

Just north of the midpeint of Mellomgruven there ocecurs a
marked culmination of the linear structures and the plunge
resumes its northerly direction. This continues with slight
variations in megnitude to the north and of Nordgruven, (ang,
incidentslly, et lesst as far as Middagshvile Skjerp, 500 metres
north of Nordgruven).

"he lineation measurements in the underground workings
ggree fairly well with those on the surface. However, those
taken aslong Ludwig Frgen Stoll show & shift to the north of the
depression and culmination seen on the surface. The plunge here
is mueh flatter, but it can be clearly seen that the culmination
of the lineation oceurs about 150 metres horizontally north of
its position at the outerop. This means the crest of the
culmination plunges at about 40 to the N. If one similarly
exenines the depression of the lineation to the south of the
culmination it can be seen that its trough plunges north at
atout 30°.



R " (= ka
The structural significance of these plunges of the depression
and culmination are not essy to see., They would seem to ilmply
the setlon of & couple oft rocks already possessing a unifermly
Neplunglng lineation (see I'ig, A). Thi: couple would seem to
Le due to an overriding pressure from the north,

Yrom & point of view of correlation with the cre=bodies
it can be seen that all the msin gtepes of Mellom Gruve 1lie
between the lines of plunge of the twe lineation festures (see
section)s This night be taken to imply that there was an ore=-
bearing zone plunging neorth at about 30o in thig area (see Fig,
B)s Hevever, 2z will be stated again, later eraminstion has shown
that the miner:lization at the Ludwig Tngen Stoll level is
delinltely uneconcmic., There is, of course, always the
possibility of lurther m "{leghes" of ore heneath the
level of Iudwig Figen Stoll, as suggested in Fig. B.

This struetursl evidence of & continuation of ore in depth
ig so week that 1t 1s not e nsidered worth the esvenditure of
money needed to test 1t. The only wethod weuld be by meens
of an inelined hole from the Ludwlg Phgen x-cut, & hole at about
y5° dip in a due westerly direection,

t will be suggested later that there 1is good circumstantial
evidence that the mineralizgtion at liodum is of only shallow
lepth, It 13 the writer?’s opinion thet this evidence is of
more welght than that affcorded by the linesr gtructures,
Crogs—gtructures. No B=-W struetures, e.g. faults, major pcints
efc.y, were observed in the area of the mines, which might have
had a locallzing effect on the ore-hodics,

Grgde o ore. As steated previcusly all accessible underground

workings were inspected, Particularly careful atteation was
peld to the floors and walls of the stopes in the system, Ustre
Noe 11 = Vestre Iic, 11, and the backs and sgides of the drives

exe Ludwig Fngen Stoll in corder to obtain an ldes of the nature
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0f the mineralization under the deepest workings.

As a pgenerality it can definitely be said that none of the
workings showed megescopically visible sulphides., Even close
inspection of hand specimens with a hand=lens only revealed
very occaslonally a small speck of cobalt sulphides or odd
spoFs of chalcopyrite. Cobalt bloom (erythrite) was noticed
in pilaces along the backs of some of the drives at various
levels, but exsmination of the rock beneath it did not show
any noticeable sulphidas.

A comperison of the mineralization scen during the inspection
with Large specimens of the original ore, now in the Geologisk
Mugseun, Oslo, indieutes very clearly that no more "ore" remains
to be taken out of the old workings.

L2 o econfirmotion, rondom chip and grab samples were talken
in the course of the work. These have been analysed (spectroe

grophically) for Co and Cu, as follows:

% Co £ Cu

RSM 1 TNordgruven, chip sample of pillar

in the main open cast - 0,08
R8M2  Nordgruven, greb sample of spoil in

south end of easterly stope, open cast - 0,03
RSM 3 Vestre lir. 11 Stope, chip sample south

of x-cut from Ustre lire 11. 0,02 0,08
R8M % Ustre Nr. 11 Stope, greb sample from

broken ore near top of stope 0,01 0,02
REM 5 Klara stoll, Drive south ex x=cut

at 70 metres N of Klara x-cut in the

"Vestre Fahlbind" 0,02 0,01

(Analyst: Sentrslinstituttet.)
The zbove velues are of the same order as those found by
Rosenqvist and Heltzen, but rather lower in magnitude.
Rosenqvist estimstes the originel ore at Modum to have
conteined 0,08 # - 0,1 % Cos The values given in the report
by Heltzen lie between 0,01 and 0,1 % Co, with the msjority
below 0,05 %,
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Minerslization wlth such low metal values does not seem
to the present writer to constitute workable ore. In asplte of
Rosenqvist?s assertion that "the mine is by noe means exhausted"
1t does not seem possible to restart working under present

conditions with such s low metzl content.

Conclusions.

It is clear from the evidence in this report end from
that of previous workers that the Modum ores formed long, shallow
ore-shoots with no preferential plunge direction, apparently
closely connected with the present eroslon surface,

This fact (according to Rosengvist) led A. Bugge to make
the suggestion that the cobalt mineralization was due to
secondary enrichment of a primary Precamlirian metallization
under the sub~Caubrian peneplane, Rosengvist (op.cit. p. 210)
gives figures showing & fall in the Co values with depth under
the present surfzce to support this line of thought, The
present writer also agrees that the form of the deposit indicates
some sort of horizontal control not too far distant from the
present erosion sq&ace. However, the mineralogy of the ores
is not one which would result from processes of secondary
enrichment and cementstionj cobaltite, skutterudite and
arsenopyrite (danaite) sre pirimary hydrothermel minersls., As
far as the writer is aware, cobalt is not known to form
secondary, enriched, sulphides in a manner analogous to, say
coppere The results of the weathering of cobalt ores seem to
be confined to erythrite (when As-bearing) and cobalt "wad"
(asbolane}. We have for instance, the authority of Goldschmidt
(19%%, p. 669) that "cobalt arenide ..... weathers readily
forming the arsenate erytirite", The ores worked in the upper
levels of Modum mines werey to Judge by the many specimens in
the Geologiske-Minerslogisk Museum, certainly not erythrite ores,

They were primary, hydrothermel sulphide ores and the cause of
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long, flat form of the ore~shoots must be sought in structures
controlling this primary deposition,

Rosenqvist (op.cit. p. 211) states that " the occurrence
of 2 serlies ol cobaltebearing sulphides shows unequivocally
that an ore-mineraslization took place in Precambrian times ....",
without giving any evidence for this assertion,

The present writer proposes that a Permiasn age 1s much
more reagonable for the Modum ores. This would bring them in
line with the similar, though not identical, ores of the
Kongsberg area, only some 40 kms. to the SSW, The evidence
afforded by these latter ores seems to show quite clearly their
Fermisn age (see, e.g. Bugge, 1917 and Neumenn, 1944), The
ores of both areas would seem to belong to a silver-cobalte
nickel metallogenetic province z2long the immediate western
borders of the Oslo Eruptive province, Their genesis seems
undoubtedly connected with the emplacement of the deep eruptives
in this province during Permian times. (Neumann suggests a
genetic connection with the Drammens grenite,)

If we can presuppose a Permisn zge for the Modum minerali-
zatlon, we are in a position tec explain quite simply the long,
flat form displayed by the ore-shoots. As Rosengvist points
out (p. 210), the present erosion-surface is not very far
beneath the originel position of the sub-Cambrian penerlane. In
Permian times this peneplane was covered by a thick layer of
Cambro-Silurian sediments, mostly impermeable shales. Any
minersilzation coming up the zone of weekness now represented
by the fahlbdnd rocks would become "dammed-up" by this roof of

Q t
shales and would spreasd out longitudinally (N and §) .

done. Sinca the coutrolling roof was horizontat,
or nearly so, the resulting ore-shoot (or series of ore-shoots)
would be horizontal too (see Fig. G).

This type of control is well=known in ore geclogy. Just

as one example mey be cited the long, ribbon-~like lead-ore
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bedles of the Jemnines in @nclend, These are located along
faults in limestone Just beneath & roof of impermeabile shole,

“he implecations of the above suggertions are thus that
the Modum ores are not of great depth, and that the poor
minerelizetion secen in, e.g., Ludwig Fllgen Stoll is due to the
fact that the ores have been "bottomed" by the workings,

As MeEinstry (1949) points out every ore«hody or sgystem
of ore-bodies must have ar "inlet" a feeding channel which gave
access to the ore={orming solutions, The relative concentrstions
of ore in the Skutterud mines, especially Mellom Gruve, suggest
this channel mey be located somewhere in this ares. It could
even be that the Ne=plunging structure deseribed on p. & is
this feeding channel, If so, i'—h&ﬂii’bo expected to centain
gsoue ore to greater depths, but thas strike length would te
very short, probably not more than 300 metres and the prospects
do not warrant any expenditure in looking for this hypothetical
ore,

Since the oreecontrols (as postulated) seem to heve
produced a long, shallow ore-hody, or series of such, search
in depth is not fo be recommendeds This leoaves the quastion
of the ssarch for further ore-bodies along the strike of the
fahlbénd, Here the topography plays a large role, since the
original ore-bearing zone will only be preserved where erosion
has not lowered the land surfrce too muche Fige D is a topo-
graphical profile along the line of the fahlbind, It shows
how nearly all the old workings and certainly a2ll the important
ones lay at or near the highest points glong the fehlbind,
supporting the idea of some topographic control of the oree-
deposition, 1It, therefore, does not seem likely that further
worth while ore-finds can be expected in the topographical
depressions alcng the fahlbénd,

The writer is led quite firmly to the conelusion that the

ore=mineralizsation along the main fehlidnd between Skutterud
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mines snd Svartijell mine has been "bottomed™, end that most
of the ore depcsited hes been removed by erosion heneath the

level of the sub~Cambrian peneplane,
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