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Abstracts. The decribed deposits of the native silver­
nickel - cobalt - arsenide type are found in a pre-cambrian series 
of rocks, by far the greater part of which is made up of banded, 
dioritic and granitic gneisses (Map p. 12). 

The described minerals have been deposited in narrow veins 
which are stri king more or less E-W and are found to constitute a 
system of "Fiederspalten". The press u re under which the minerals 
have been deposited must be classed about l 000 atm., and the 
temperature has probably varied from about 4-500° C to about 
200° c (p. 33). 

Calcite is predominating in the veins. Sulphite is uncom­
monly rare. On p. 35 and p. 36 will be found graphic illustrations 
showing the relative quantities of the chief minerals. 

The various minerals have been described. The lamini-form 
crystals of native silver (p. 45) might be of special interest. Special 
interest also attaches to the curious way in which marcasite occurs, 
i.e. as primarily deposited mineral older than silver (p. 73). Marcasite 
must have been deposited under a comparatively high temperature 
from neutral or basic solutions. This is not in concordance with what 
is usually found, and it does not agree whith the experimental 
dates. - Anatase (p. 81) and datolite (p. l 06) have not up till now 
been known from Kongsberg. This also applies to stellerite, which 
is a rather rare zeolite (p. 113). Stellerite is the pure Ca-component 
of the stilbite series. - Armenite (p. 99), a new mineral from 
these deposits, has earlier been described by me (45). This mineral 
has the formula BaCa2 [Al2 Si80 10] 32H20. 

The minerals appear in three parageneses: The oldest o ne is 
a quartz - coal blend - fluorite - axinite - pyrite paragenesis. Younger 
is a calcite - barite - fluorite - sulphide - native silver - Ni-Co­
arsenide paragenesis. These three parageneses are usually rather 
intimately connected with each other. 

A comparison with other ore deposits of this kind offers so 
many strikingly corresponding paragenetic features that it will 
justify the working out of a general map showing the paragenesis 
of deposits of the native silver- cobalt- nickel -ore type (p. 126). 



History. 

I n the summer of the year 1623 native silver 
wa,s found in Sandsvær, and operating 

was subsequently started by the government 
at trhe pnesent locality of the mine Kongens 
grube (His Majesty',s Mine). Accm·ding to 
tradit,ion the find was made by a boy 
shepherd, Jacob Ohristoffersen Grosvold. 
his historkal ;jnvestigations arrrived at the 

R. Støren, Min. ing./ has according to 
conclusi~on that the occurrences of silver at 
Sandsvær must have been known at a con­
siderably earHer date. At all events reliable 
evlidenoe is available to the effect that one 
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of them, ~he mine Kessel, has been worked Fig. 1 · Key rna p 
showing location of 

at a perdod prevrious to the foundation of Kongsberg. 

the Kongsberg Si iver Works. It strikes o ne 
that the r-egion around Kongsberg, i. e. Telemark, Numedal and 
Sandsvær, is the home of t1he national trade of silver smithing. 
llhe condusion offers itself that this trade, particularly ~he 

makiirng of tri,nkets, whioh of a ·oonsiderabl~e age in thi~s country, 
is closely connected wi~th ·the occurrences of silver, which made 
the material for this ~trade easily available to the populatiron of 
these districts. We ought to bear 1in mind that native silver from 
Kongsberg is so pure that it needs no refirning. Smelting under 
the rcover of charcoal in the smith's forge is quite sufficient. 

1 This section is on the whole an extract from an unpublished paper by 
R. Støren, bearing the title: "Notes on the Kongsberg Silver Works." 
(Notiser angående Kongsberg Sølvverk.) 
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However, the peasants had to carry on this mining in secrecy or 
the crown must be expecved to appropriate the occurrences, in 
whioh case the peasants would lose the advantages !Of their 
illegal mining at a smaU scale. Now, it could not be avoided 
that the authonities got some suspicion as to the real 1state of 
aJffairs, and they did their utmost to get information about the 
occurrences. The administrators of justice therefore used t,o 
take the opportunity, whenever any one from among the peasants 
had been found guilty of any serious crime, of offering mercy 
and aquittance in rreturn for informaNon about the local1ities of 
the find places of or,e. Now ~it appears that the father of the 
above mentioned boy shepherd, his name was Christoffer Loft­
stuen, had 1in the year 1614 hard the bad luck of killing a man, 
what in those days would rather often happen if ane of the 
antagoni1sts :in a quarre] was of a hot temperament. On account 
of this he had been fined 50 riksdaler, a sum whitCh corresponds 
to the value of about 50 ~ to-day. This was a very large sum 
of money to be demanded from a peasant in the 17th century. 
In 1622 the money had still not been paird. It ris possible that 
he 'has tri~ed to pay the tiine in native silver, Wihich he 1has smelted 
in the smith's forge, and in this way he has penhaps awakened 
the suspioion of the authorities. The rnext year he has confessed 
hirs knowledge of the occurrence, or rather he 'has arranged the 
discovery of the ore occurrenoe by his son, in order to get out 
of his difficulties. On the 21st of Decem ber in the same year, 
Christian IV issued a proclamation announdng heavy punish­
ments for secret mining for silver and also for sale of the product 
which is to be regarded as stolen goods. Subsequently to this it 
appears thM several peasants appea.red befare the authonit:ies, 
prom+sirng to point out finding places ~of silver ore as soon as the 
snow 1had di1sappeared. This sihows that the silver ore occur­
rences in question must rhave been known by the ~inhabitants of 
the region beforehand. 

Dudng the 320 yeans which have passed since the first 
offi.cial find of silver ore was made, the Kongsberg Silver Works 
have, most of fhe trime under government management, produced 
about 1270 tons of puæ silver from about 130 l1arger and smaller 
mines. 11he gross quantity of silver in the ores amounts to about 
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2000 tons. The difference is due to loss during the metallurgical 
processes, and also to the fact that in former days rather large 
quantites of silver were stolen. The average production during 
this large period has been 4 tons a year, varying from lj3 of a ton 
to 15,7 tons a year. The last 50 year~s have shown an average 
production of about 8 tons a year. 

The !argest dept!h has been reached in the oldest mine, Kon­
gens grube (His majesty's Mine), the bottom of whioh is l 076 
meters below level. 

The history of the Kongsberg Silver Works comprises such 
a long period that it is quite natura! that the works have been 
subject to very varying circumstances due to war-time disturb­
ances, pestilence and market fluctuations, and still more to the 
great variations in the contents of ore in the veins. Elsewhere 
in this paper is found a discussion of the difficulties in finding 
an y definite ru les for the deposition of native si Iver in the veins; 
such wouid supply useful directions for the mining itself. Several 
times in the history of the Silver Works has occured the un­
pl~easant situation of dwindling contents of silver in the mines, 
the managers be+ng quite unable to decide where to turn in order 
to find o11e. In such situations pessimistic miners have been only 
too inclined to put forth the supposition of the mines having 
been emptied and thus no ore being lett. Miners must always 
take into account the possibility of the dwindling of the occur­
ences or the possibility of the ores becoming less rich towards 
larger depths, and in the case of the Kongsberg occurrences, dark 
periods in the history of the Silver Works have aften caused 
miners to beHeve that these processes were at hand, particularly 
so as long as it had not been sufficiently proved that the 
occurences might hold against larger depths. 

Instructive in this respect is the history of Kongens grube. 
The silver ore had dwindled and there had taken place a change 
in the charader of the veins when they had be~en work~ed for 
three years ( 1624-1627), after which the mine was abandoned. 
In 1630 mining was again started at the same place, and ore 
was found at 16 m leve], whereupon mining was carried on untill 
the mine was again abandoned at 26 m level in 1676. In 1686 
m:ining was again resumed in the same mine, whioh was now 
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worked with varying success. In 1725 the ore gradually took 
off and the vein dwindled at 160 m level, but all the same, work 
w:as carrired on and in 1749 rather rich or,e was found at 260 m 
level. From l 793 are preserved records of work being carried 
on at 328 m level without fit ore being found, the mine being 
still worked on expectations, but in the year 1798 the mine was 
again abandoned, it was believed never to be worked again. In 
spite of this, work was again resumed and in 1827 mining was 
carried on below the bottom of the mine Kongens grube itself, 
where rich ore was found and the mining was carried on quite 
well down to approximat~ely 500 m level ( 1856), where the ore 
again began to dwindle. In the eighteeneighties, rich openings 
were made at about 600 m level and ore was found until in the 
beginning of the precent century a leve] of about 840 m :had 
been reached. 'Phen came a rather poor period until at 912 m 
level ore of varying richness was found on whkh mining was 
carried on to about l 000 m leve l. He re the veins start dwindling, 
and only sporadically the y ,carry silver down to l 067 m leve l. 
At this level the working of this mine was abandoned at the ,end 
of the nineteenthirties owing to the great depth. The lowest 
regions of t1his mine are now fined with water. 

Thus no less than 6 or 7 tritmes the silver ore in the mine 
Kongens grube has to all appearance gone out, but nevertheless 
it is a fact that suitable silver ore has in the mine been found 
and produced from more than 1000 m level. 

The last decades have again proved a very dark period to 
the Kongsberg Silver Works. The accounts have sometimes 
shown large deficits. To some extent this crisis may be due 
to the same causes as the earlier ones, but an additional and very 
serious factor is the continued and heavy decrease of the price 
of silver in the course of the last 70 years. This decrease is 
partly due to international trade conditions, but it must also to 
some extent be ascribed to the increase in the production of 
silver as a bi-product of the proces:s of gaining other metals 
from their ores, when these ores do also contain small quantites 
of silver. 

In order to prevent the calamity whidh would be r·epresented 
by the closing down of the Kongsberg Silver Works, a calamity 
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both to the district in which the works ar·e situated and to the 
country at large, the Kongsberg Silver Works have made for 
alteration in the methods and an extention of its field of produc­
tion. This is donre pa~rtly by a further treatment of the silver so 
as to produce compounds (AgNOJ and certain alloys partly by 
an ex·tention of the capacity of the smelting house so as to reduce 
ores which are not found in the mines of the Kongsberg Silver 
Works, and also by the product'ion of various other articles such 
as garnet and materials for macadam. 

Besides invest1igatirons are at pæsent being made as to the 
possibility of mining for other ores found in this district. 

Geology of the Area. 
Tthe geology of the area has been described by Carl Bugge 

(12) and Arne Bugge (6, 7, 8, 9, 10, 11) in a series of publi·c­
ations, whioh will p1,ovide moæ explkit infonmation. Here I am 
just going to give a short survey which might be of some import­
ance to the study of the silver occunences in question. What 
follows .is chi,efly a oondensed extract from the works of C. Bugge 
and A. Bugge, who, ihowever, I ought to remark, maintain that 
most of the rocks mentioned below are true eruptives, a con­
cepton whioh I ca1nnot share. 

The mines ane stituated in what is caHed the pre-Cambrian 
Kongsberg-Bamble formation. To the west this formation is 
out off f.rom ~he supra crustals and the gnei·sses of the 1pre­
Cambrian T-elemark formation by ~the great South-Norwegian 
friction-breccia. To the east it borders on Cambro-Silurian 
sediments and on the P.ermian alkaline rocks of the Oslo-area. 
(Fig. 2.) 

Tihe rocks of the Kongsberg formation are here given ac­
cording to age: 1) Banded gneisses and dionitic gneisses (gre y 
Kongsberg gneiss), 2) Vinor amphibolites, and 3) granitic gneiss 
(Kongsberg granite). Fin all y the formation ·is cut through by 
diabase dykes striking E-W originating from the Oslo area 
dose by to the east. llhese diabase dykes ,in all probability 
belong to the Permia1n age. 
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Fig. 2. Geology of south-eastern Norway. Black, Kongsberg-Bamble formation. 
Horizontal lines, Telemark formation. Crosses, sediments and alkaline rocks, 

Oslo area. Vertical lines, precambrian rocks of south-eastern Norway. 
After A. Bugge (N.G.U. n. 5 146). 
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Flg. 3. Geologic map of Kongsberg mining district. Reconstructed after 
A. Bugge and C. Bugge. 
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Geological process 

Hydrothermal 
and 

Last eruption in 
the Oslo area. 

Granitisation 

Period of eruption 

Dioritisation and metamorphic 
differentiation 

Product 

Calcite veins with cobalt-nickel­
arsenides and native silver. 

Diabase dykes 

Quarz veins with pyrite, chalco­
pyrite, galena and sphalerite. 

Red granitic gneiss. 
Hyperites are altered 

to Vinor amphibolites. 

Olivine hyperites (and 
other gabbros?) in 

dykes and massives. 

Banded and dioritic gneisses. 

Supra crustal rocks 

Tab le l. The geological processes of the Kongsberg area and their products. 

Banded Gneisses and Dioritic Gneisses. 

Tlhese gneisses have been fonmed by a •dionitizing of an 
older complex of rocks, which has been completely changed, so 
as to render it very hard to venture any def1inite statement as 
to its original character. In the Knut·en formation, which has 
been described by C. Bugge ( 12), the rocks belonging to this 
category have probably been less changed than elsewhere. In 
this form.ation a oonsiderabl·e amount of stauroHte is founrd. This 
fact, seen in connection with the fact that in other parts of the 
Kongsberg-Bamble formation ·large quantities of sillimanite 
is found, might imply that the original series of rocks to a large 
extent has consisted of supra crustal rocks. 

'rhe banded gneisses consist of incessantly alt·ernating bands 
of dioritic and amphibolitic structure. The thickness of the hands 



-14-

varies from a few centimeters to 30-40 meters and more. In 
some places dark bands pre:dominate. In other places we find 
Hght bands. The banded gneiss must have been for:mecl through 
a metamorphic differentiation. Where the dioritisation has been 
very thoroughgoing the result is long and heavy S-N striking 
sweeps of dioritic gneiss without any dark bands. There are 
evidences to the effect that this dioritic gneiss has in same places 
been melted and has erupted as a true abysstic diorite. 

Vinor Amphibolites. 

Tlhe amphibolites appear in lang dykes, the striking direc­
tions of whi·ch vary from NW to NE. Tthey also ,appear 'i'n 
massives of varying si,ze. At Vinoren to vhe nort\h of Kongs­
berg therc is a more extensive massive that has g1iven the name 
to the amphibolite. In the interior of tJhe massives fresh and 
Or,iginal 0l1ivine-hyperite is found, and with great confidence it 
can be ·concluded ~hat these amphibolites are transformations 
of origdnal hyperites, or at all events of original gabbroid rocks. 

Red Granitic Gneiss. 

This gneiss has been formed by granitisation of all the 
original rocks. C. Bugge ( 12, p. 81) as an outline ~drawing 
which very distinctly shows the front of granitisation. Fig. 4. 

• D 

Gra.nific gneiss. 

TraJ?sifional zone . 

V/nor amphi6otife. 

Diorific gnei.ss. 

Fig. 4. Boundary between granitic gneiss and and dioritic gneiss. SE Skriver­
plass, Gomsrud. After C. Bugge. Author's nomenclature. 
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From the sketch we gatherr that ~he Vinor amphibolite has not 
been exposed to granitisation to the same degree as ihaVIe the 
di,oritic gneisses. The 'drawi~ng also suggests a certain Now in 
~~he gneiss. Tthe red granritic gnei:ss too has to some extent 
be.en erupted as a true eruptive rock. Part of the granite dykes 
which are found in the formation has in all probability been 
formed in this way. During the granitisation 'period the olivine 
hypertite dykes have probably been tranrsformed into amphi­
bolites. 

The Diabase Dykes of the Oslo Area. 

A series of diabase dykes from the Oslo area to the ~east 
run through the formation stnikdng more or less ENE. They 
are dose ly connected with the quartz veins. ( See later.) 

All these rocks with the exception of the young diabases, 
and to same extent the Vinor amphibolites strike almost S-N, 
and dlip alrmost vertically, in the area wi~h whi,oh we are dea~ling 
usually about 80° E. Strike as well as dip is very constant 
and only local and usually comparatively small variations appear. 
In tihe mine no change is found down to a depth of l 000 meters 
and on the surfa~ce largely the same strike and dip can be 
measured to an extent of about 100 km in the stri king direction. 

The Fahlbands. 

The farhlbancls are long and narrow zones where the rocks 
have been heavily metasomatically changed and impregnated 
with sulphkies. They strike more or less in the direction of S-N 
and are almost parallell with the strike of the rocks. There 
are several fahlband zones the most important of which are 
the fahlbands of Overberg·et and those of Underberget. In these 
two zones the great majority of the mines are to be found. In 
Overberget the fahlband zones, which are the thickest of the 
distrrict, are from 180 to 900 meters thick, and reach a length 
of more than 1 O km ( 12, p. 89). Other fahlbands offer a 
thickness down to about two meters. 

In these zones the dioritic gneiss has been metasomatically 
altered to biotite garnet schists, serkite schists or chlorite schists. 
The amphibolitic bands are altered to garnet amphibole schists, 
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and garnet chlor!ite bioti~e schists. These rocks are by all 
t~ransitions compounded with the origi'nal rocks. 

The impregnaterd sulphides belong to various parageneses: 
fahlbands der,ived from Vinor amplhiboHt~es by impægnation 
carry mostly pyrrhotite, some sphalerite and chalcopyrite and a 
minimum of pyrite (12) (8). Other fahl'bands carry mostly 
pyrite with some pyrrhoti~~e and chaloopyrite. Thiis latter type 
has been thought to be genetically connected with dioritic 
gneiss (8). 

Besides the abovementioned ordinary ore minerals, arseno­
pyrite, cobæltite, galena, magnetite and ilmenlite have also been 
found in the fahlbands. Chakocite and bornite have also been 
found, but they a,r,e very rare ( 12, p. 101). 

The fahlbands are interwoven with narrow veins and lenses 
of quartz. llhis ~is also the case with the dioriti:c gneiss. The 
breadth of the lenses is fr,om 1j2 ~meter down to a microscopic 
size, a 'lri<ttle less than 1 oentimet~er ~is not unusual. These lenses 
of quartz are cut by narrow veins of sulphides, and in several 
places it has been observed that the presence of a sufficient 
quantity of these lenses in the fahlbands will make the latter good 
electrical conductors. (And probably also of heat?). To these 
fahlbands has been atrrirbutred the faculty of pæcipHating silver, 
and they are supposed to have improved the silver content of the 
crossing calcite- native silver veins. (This paper p. 27.) 

The rock of fhese metasomatically alter~ed zones is less com­
petent than the compact gnei'Sses, a fact whioh together with 
their content of easily disintergrating pyrnhotdte causes the sur­
face of the fahlbands to appear as long rusty zones. 

Trhe for,mation of the fahlbands must have taken place be­
fore that of the Vinor amphibol<ites, because of the fact that the 
Vinor-amphibolrite dykes in the fahlbands are never found to 
have been rmetasomat:ically altered, whereas, as We rhave a}Peady 
pointed out, the ohemically and mineralogkwlly almost identical 
bands in the barnded gneiss have been metamorphosed to garnet­
chlorite-biutite schists. 



-17-

The Veins. 
In the area two groups of vei·ns are found: the older quartz 

veins bearing sulphides of iron, copper, zinc, and lead - and 
the younger calcite veins beaning arsenides of cobalt and nickel, 
and native silver. These groups of veins have by C. Bugge ( 12) 
been called veins of first and second generation respectively. 
By him the quartz veins have also been ·called sulphide-bearing 
quartz - breccia veins, a very characteristic denomination whkh 
wirll also be used in thds paper. 

The Sulphide-Bearing Quartz - Breccia Veins. 

In grreat nurmbers ~hese veins intersect the area, and they 
are found not only in the area where are also found the calcite -
silver veins, but also to the north and to the south of it and 
first of all to the east where they can be traced dose up 
to the Oslo area. They are found in the Oslo area as 
weH, being to all probabil1ity idenNcal with the sulphide-bearing 
quartz veirns whioh ·have been descrirbed by V. M. Goldschmidt, 
and whkh are found at Konnerudkollen near Drammen and also 
in other places in the Oslo ar~ea. Part of the veins ~in the Kongs­
berg ar~ea strrike more or I~ess S-N, but the most usual strike 
is ENE. The dip is always very st~eep. It is noteworthy that 
~he usuarl str.ike of the quartz veins (ENE) ris the same as that 
of the younger diabas dyk~es, and ·it appears very probable 
that the quartz veins and the diabas dyk~es are genet1ica1Iy øon­
neded with each other. Their orig·in carn Iargely be fixed to the 
same perjod. In several places rin the Kongsberg area the quartz 
vreins are found to be intersected by diabas dykes, wheæas in 
other places we find what is to aH probability fragments of 
diabas dykes in the quartz veins. 

In several places one has found a quartz vejn and a diabas 
dyke dn the same Hssure. 

The thkkness of the quartz veins varies from almost nothing 
up to more than 1 O meters. A usu al brreadth is about 1 meter. 
In the stdking direction they are usually quite ~extensive. One 
of the veins ext,ends over a lengt:h of more than 6 km. 

Norges Geo!. Unders. No. 162. 2 
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It is a caracterist·ic fea ture of the veins that the y usually 
contai·n fragments from the surrounding rocks; in some places to 
such an extent that we are justified in characterizing such v€ins 
as mineralised breccia. 

Among the gangue minerals quartz is definitely the one 
that occurs ån the largest quantities. It is usually compact and 
grey and oft>en intersected by fissur€s. Vugs ar·e very frequent 
and often contain beautiful, small transparent crystals of quartz. 

llhe Slmall vugs are sometimes surrounded by a zone in 
which the quartz has been recrystallized. 

Calcite occurs in varying quantities, but th€ quantities cannot 
by far be compared to those of quartz. In the vugs and al·so in the 
veinstone we sometimes f·ind Iaminiform calcite with an extra­
ordinary well deve:loped base as the variety argentine. Far W 
in Lassedalen I have found argentine replaøed by quartz. 

Fluorite oøcurs in man y of the veins. It is usually green 
or colourless. Barite is a very rare mineral in the quartz -
breccia veins. In several places zeolHes occur. 

The following sulphides are found; the order in which the 
sul phi des are mentioned here is that of their relative frequency: 
pyrite, pyrrhotite, sphalerite, chalcopyrite and galena. 

C. Bugge ( 12, p. 123) menHones ohalcopyrit€, sphalerite, 
and galena as silver-bearing sulphides. He gives some assays 
performed by himself and a1lso assays performed by Kongsberg 
Silver Works and by pnivate companies. The oontents vary from 
0.01 % to O.l % Ag. Dr. l. Oftedal ( 47) has made investigations 
with regard to the percentage of the minor components in sphale­
rites and galenas from these veins with an optical spectrograph. 
The results are given in table 2. From this we gather that the 
percentage of silver in galena varies from about l % to about 
0,05 %, and ·in sphalerite from about 0.01 % (intermingled 
gal·ena) to about 0.0005 %. 

The other sulphides also conta1in some gold, but the ·investig­
aNons made have been rather sporadic. In all probability we 
have to deal with a percentage in the veins of from 0.00001 to 
0.0003 7c at most. Chalcopyrite from Liverud conta1ins 0.0033 % 
Au. (Analyst R. Støren.) 
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Fig. 5. Malachite in threads as pseudomorphs after native copper. 
From a sulphide- bearing quartz - breccia ve in in Lassedalen. 

In tlhe Lassedal vein I hav·e found small t~eeth and thæads 
of mala:Ol11He. Fig. 5. They have probably or,iginally been native 
copper. Native copper mi1ght hav·e been formed 'Siecondarily 
from cha!k-opy.rite lin the zone of ox·idation. Aaoording to Chr. A. 
Miinster ( 43, p. 67) nativ·e oopper with dendr,itk structu:res has 
been found i"n a quartz - breccia vein in Ba,rliilldalen. 

Insuffioi·ent 1in[\nestigations render H imposs·ible to state any­
thi,ng definitie as to age sequenoe of the min.erals. The occurrence 
of the ~miner:als in the veins ~i ·s ;ratJher vari·able. The La-ssedalen 
mine may sen~e as an example. A portion of the ve·in is now 
worked for fluorite, whereas some few hundred meters from this 
place it was formerly worked for calcite, which was composed of 
ooarse, snow-whH·e a.nd very pur'e ·crystals, a fact which made it 
possåble to work the mine with profut. 

These veins are of some pra,ctical importance because of 
the falet vhat in several pJaces they 10~fer the opportunity of 



Sphalerite 

Cd Ga In Sn Ge Mn l Co Pb Fe C u Ag Hg As Sb Bi 

l .. . l 0.03 0.01 
0.01 0.001 0.005 0.01 0.03 2 0.5 0.001 2.1 0.015 0.010 

2 .... O.l 0.0005 0.0005 O.l 0.01 O.l 
3 .... 0.5 0.003 0.03 0.0003 O.l 0.05 0.001 l 0.3 0.003 O.l 0.005 
4 .... 0.5 0.005 0.0003 0.0005 0.003 O.l O.l O.l lO O.l 0.005 
5 .... 0.5 0.0003 0.005 

l 
0.5 0.03 03 lO 0.5 0.01 0.03 

6 .... 
0.3 

0.0003 
0.03 0.5 0.05 3 >tO l 0.005 0.20 0.01 

7 .... 0.5 0.001 0.005 l 0.01 O.l >tO l 0.003 
8 .... l 0.003 O. O\ 0.001 1 0.01 0.3 >tO l 0.01 

9 .... 
0.5 

0.0005 
0.03 0.001 0.3 0.03 0.5 >tO 0.3 0.005 0.25 0.03 

10 ..•. 0.5 0.001 0.01 0.3 0.05 0.03 >tO 0.5 0.005 

l la ... 0.3 
0.01 0.0003 0.0005 0.0003 0.05 0.03 0.003 l 0.005 0.003 0.001? 0.12 

l lb ... 
0.5 

0.001 
0.05 0.01 0.005 0.01 0.001 03 0.01 0.0005 0.003 0.20 0.04 0.01 

Tab le 2. Minor components in sphalerite and galena from the quartz - breccia veins. The quantities, which are given as 
per cents, have been estimated visually, the factor of uncertainty is 2-3. The photometrically determined amounts are added 

in italics, the last decimals given are comparatively correct. After I. Oftedal (47). 

(\.) 

o 

l 
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Table 2, cont. 

Galena 

Ag Sn As Sb Bi 

l ........ 0.05 0.01 
3 ........ 0.5 0.03 O.l 0.003 
4 ........ l 0.3 
6 ........ 0.3 0.003 O.l 0.003 
7 ........ l 0.0003 0.05 0.05 
8 ... . . . . 0.3 0.0003 O.l 005 

10 ........ 0.3 O.l 0.05 
0.15 0.03 

11 ........ O.l l 0.03 0.01 

Localities; l. Toppen haug, Øvre Eiker. 2. Skara. 3. Skara. 4. Karlstjern. 
5. Hellemyr. 6. Myrhagen. 7. jøranrud. 8. Fiskeløysa. 9. Kjennerudvann, 

vein E-W. 10. Kjennerudvann, vein S-N. 11. Lassedalen, 
calcitic part of the vein. 

mining for fluo11ite. In former days the mines have also been 
worked on silver-bearing galena and copper. The mining has 
sometimes been rather difficult owing partly to the .uneven 
distribution of the ore and partly to the complex character, 
( Pyrrhotite, pyrite, chakopyrite, galena, sphalerite.) Kongs­
berg Silver Works is at present making invest~igations as to the 
possibilities of exploiting the veins by means of modern me~hods 
of mining and dressing. 

Calcite V eins. 

In addition to the quartz veins we also tind cakite veins 
of a different type from the silver ... bearing ones. These veins 
are broader than the silver-bearing veins and they are also more 
extensive. Sever:al veins of this kind ar~e found in the 'Southern 
part of the area, at Aasland, at Vi~erbekkvann, and at Ringtjern. 
In addition to ~calcite these vein:s also oarry up to 30-40 % 
fluorite besi~des spha],erite and galena. 

In the main driftway outside the mine Gottes Htilfe in der 
Noth appears a vein, portions of which has a width of several 
meters. T:his vein carries yellowi:sh calcite and some quartz. 
It has' been investigated over a J.ength of several hundred meters, 
but it rhas not been found to be silver-bearing, and it is to all 
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probability genetically different from the native silver - nickel­
cobalt-arsenide veins. 

Finally we ought to mention a vein at Ljøterud. It carries 
calcite, hedenbergite in crystals, attaining a size of 15 cm, some 
pyrrhotite, and a trifle of fluorite. The vein strikes W l 0° S 
and dips 80° N. The thickness of it is a l'itHe more than one 
meter. Ljøterud is situated not far from the eruptives of the 
Oslo area, and the vein has probably been metamorphosed by 
con ta et. 

Main Veins. 

Some portions of the quartz - breccia veins ( these por­
tions being those within the fah'lband zones) have been permeated 
by the same solutions which have left the calcite - nickel-cobalt­
arsenide - native silver veins. The type of vein which has 
been fonmed in thi:s way has by C. Bugge ( 12) be en ca lied 
main veins. The main veins are otten very rich in silver. They 
carry argentine in larg~er quantities than do the other veins. 
To some extent chakedonian types of quartz have been formed 
by recrystallization. To a large extent mining has been carried 
out in these veins, but at present none of them are worked. 
The main veins often contain vugs with beautifully crystallized 
minerals. 

The Calcite - Nickel-Cobalt-Arsenide 
- Native Silver Veins. 

These veins have a geological appearance which is quite 
different from that of the sulphide-bearing quartz- breccia 
veins. Whereas the qu:artz veins occur all over a larger ar~ea, 

the calcite silver veins are found practicaHy only in the fahlband 
zones, and from these they probably reach only seldom a few 
meters into the surrounding gneisses. The veins are very narrow, 
from a few millimeters upwards. They very seldom reach a 
breadth of lh m. The average thkkness is from 5 to l O cm. 
The vein proper is often surrounded by paralJe,l and crossing 
Hssures. The result is a mineralised zone or a mineralised 
breccia. These mineralised zones may in places attain the size 
of an ordinary sitting-room. 



Sulphide-bearing 
quartz - breccia veins 

Found within a 
large area. 

Long veins (kilometers) 
with a thickness of 

about 100 cm. 

Single veins. 

Minerals: 

Quartz with sulphides 
of Fe, Cu, Zn, Pb. 
Arsenides lacking. 
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Calcite - native silver -
nickel-cobalt-arsenide veins 

Found almost exclusively 
in the fahlband zones. 

Short veins (ten-meters) 
with a thickness of 

about 5-10 cm. 

Systems of veins. 

Minerals: 

Calcite with native silver 
and arsenides of Ni and Co. 

Also sulphides in small quantities. 

Tab le 3. Showing the difference between the two types of veins 
in the Kongsberg area. 

The veins usually strike about E-W and dip steeply to­
wards S. However, there are al,so found ,steep dips to the north, 
and ,dips of 45° S are common in ~he northern part of the fahl­
band zone of Overberget. T:he veins often appear .jn definite 
systems, in trains of veins Whioh occa,sionally form very beauti­
ful '"Fiederspalten". As an example of this is here given an 
illustration of the system of veins of the mine Justits grube (after 
A. Bugge ( 6)). Matters are not always as simple as 'in this 
case. But usually the veins that are found may be brought 
into systems of "fi,ederspalten". Still there exist numerous 
single veins. llhe system of veins of the mine Justits (fig. 6) 
follows a so-called stri king ve in; i. e. a fissure originating from 
faults parallel to the stri'ke of the fahlbands (S-N) and mine­
ralised with ca1lcite, and sometimes also zeolites and adularia. 
Slicken slides are common. The striking veins are very s,eldqm 
silver-bearing. Still they usually have been supposed to be gene-
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tically identical with the calcite- nickel-cobalt-arsenide- native 
silver veins. 

The contents o.f silver is greatest dose to a striking vein 
and this fact has brought C. Bugge to the condusion that the 
stri'king veins have been channels of conveyarnce of the ore 
solutions. This does not very well accord with the fact that 
these veins very seldom are silver-bearing, and I am inclined 
to think that the causes of the regular enrichment of silver in 
the neighbourhood of the striking veins are purely tectonic, since 
the openi,ng of the "Fiederspalten" faces the striking vein and 
stands verticaJ.ly upon it. It is dearly seen how the veins gradu­
ally narrow and taper off with -increasing distance from the 
striki,ng vein. These facts have been pointed to and repeatediy 
ment,ioned by C. Bugge as well as A. Bugge. 

C. Bugge has also described the "rotten veins" (råta­
ganger, Lattengange) of the fahlband zones. l'hese veins aæ 
mylonitized fissures of dislocation, striking about E-W and 
usually dipping 45°-60°. C. Bugge holds that they are quartz­
breccia veins that have been disintegrated and changed. They 
are of varying thickness, the average being about 1/2 meter. The 
oontents Df the veins is a clayey mass which mostly consists of 
chlorite and muscovite. 

Again C. Bugge has pointed out, what has also been known 
earlier, that in the neighbourhood of the rotten veins there will 
'Usrually be found silver, and he holds that they have been of 
considerabie importance as ohannels for the ore-carrying fluid. 
Considering the fact that the rotten veins are themselves very 
seldom or never silver-bearing I do not tind t:his very likely. 
Nor is the compact deayey mass of whirch these veins consist 
vrery likely to be well suited as a metans of rCOnveyance. Person­
a]i]y I am indinerd to Iook upon the "rotten veins" as maxima 
of tectoni,c influence. From these maxima the influence declines 
to both sides and gradually vanishes - or in other words -
the number as well as the size of the veins will decrease pro­
portionally to the distance from the "rotten vein~". 

As all rules of this kind this one will also doubtlessly offer 
numerous exceptions. 
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This paper is not the place for a thorough discussion of 
tectonics. However, I believe that a tectonic analysis of the 
area made by an expert in thi's fiel~d of sdenoe woul,d bring 
important sdentHic and pradical results. The attention of those 
interested in the question is drawn to the already quoted works 
by C. Bugge and A. Bugge where much interesting information 
on the subJect ,js found. 

Only an inconsiderable minority of the calcite - nickel­
cobalt-arsenide - native silver veins have banded structures, 
which, however, occur in some veins, for example in the m~ine 
Mildigkeit Gottes where a large vein carr,jes brown sphalerite to a 
thickness of about l ~cm dose to the wall of the vein. 

As has already been mentioned the veins are usually homo­
geneous from one wall to the other. However, we often find 
crystals of quartz pr~ecipitated directly on the side rock with 
the main axis almost vertically upon it. 

Vugs are ~oomparatively fr,equent. In the vugs the minerals 
of the veins are found as crystals of unusual beauty. Most of 
the ore-samples from Kongsberg, found in the museums of the 
worki, come from the vugs. The vugs are often of considerable 
size; in some few cases as large as the body of a man. But the 
average size seems to be that of a head. 

As to the amounts of the various minerals the available 
facts do not allow any exact statement. But from what can be 
gathered in the mines and from microscopic investigations it 
has been possible to offer for considerat,ion the following esti­
mates; see Fig. 7 and 8. 

llhe distribution of the minera1ls in the veins is probably not 
in any way more variable than what i~s usual in hydrothermal 
veins; some variation is always found in veins of this kind, and 
of com·se here also. Some veins carry almost exclusively caloite 
and quartz. In some veins fluorite is abundant. Some carry 
zeolites, others do not. Only comparatively few have been found 
to be axinite-bearing. Some are very rich in pyrite, in others 
hardly a crystal is to be seen, etc. What of course has been 
of special interest from the beginning of the mining in the district 
is the variation of the silver con tent of the veins; a problem on 
which the eng~ineers of the mining company have been working 
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hard for more than rhree centuries. Since the foundation of 
the Kongsberg Silver Works the socaUed fahlband rul~e has ex­
isted. It sounds as follows: "The veins aæ silver-bearing on ly 
where they cr()ss ·an ore band." 1 It will be noticed that the 
rule is a negative one. It does not say that the veins are silver­
bearing wher~e they cross an ore band, what is far from being 
a true statement, but it says that the veins do not carry silver 
except where they cross an ore band. This is in itself a dis­
agreeable limitation ~or the exploitation of the mines. What 
makes matters worse is that it is not at all easy to decide when 
a fahlband is an ore 'band or not. It soon became clear that' 
the richness in sulphides was not at all in itself the decisive 
fador. Chr. A. Milnster ( 43) found that certain bands are good 
conductors of electric currrent and ~changed the fa,hlband rule 
accordingly: "The silver-bearing faculty within a particular vein 
must principally be ascribed to the side-rock that is the best 
conductor of eledricity." It is mainly in this form that the 
fahlband rule is stiM adhered to, special attention having been 
drawn to the importance of the pyrite-impregnated quartz­
lenses and quartz-veins (8, p. 107) with which the fahlbands 
have been more or less injected. (This pa per p. 16.) 

The validity of the rule has often been questioned. Th. 
Kjerrulf ( 32) pointed to the lack of definition of the term ore 
band, and found it no wonder that the mining experts at Kongs­
berg maintained the general validity of the rule when by an ore 
band they mainly understood the side-rock of the silver-bearing 
portion of t:he ve in: "The veins are silver-bearing on ly where 
they cross the side-rock at a point where the vein is silver­
bearing." 

C. Bugge ( 12) 1holds that in the fahlband ru le the word 
"ore band" ought to be replaced by "fahlband". Thus the ru le 
loses its original meaning and only states the fac.t that the 
silver-bearing veins are found within the fahlband zones. 

1 On this point the nomenclature has to some extent been rather vague. 
C. Bugge e. g. describes fahlbands as bands, and ore bands as fahlbands. 
All quotations have in this paper been transcribed to the nomenclature 
of this paper. 
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The .late mr. A. Holter, M. E., formerly manager of the 
mines, was no adherent of the rule and has seriously warned 
again&t a strict application of the rule in the exploitation of the 
mines (25). 

I would be very easygoing if I would rightaway deny a 
rule that has been applied in vhe mining at Kongsberg for 
centuries and which is still maintained by men of great know­
ledge in this special fiekl. Dr. A. Bugge, for many years 
geological adviser of the Kongsberg Silver Works, a man who 
has a very thoroughgoing knowledge of this ,district, ·is one of 
those who are fully convinced of the val1idity of the rule (from mr. 
A. Bugge in person). 

The fact remains, however, that the adher:ents to the rule 
do not at all like to be reminded of tthe abovementioned words of 
Kjerulf. 

It has been tri~d to explain the fahlband rule chemicaily, 
and also electrochemically. J. H. L. Vogt (78) was of the 
opinion that the pyrHe of the fahlbands has been attacked by the 
ore~carrying solutions and that the thus liberat,ed hydrogen sul­
phide has caused predpitation of silver from the solutions as 
argentite. To this theory may be objected that it implies a 
certain proportionality between the cont~ents of silver in the vein 
and the cont·ents of pyrite in the side rocks, a proportionality 
that is not at all found. Also the theory implies that micro­
scopical investigations should frequently reveal traces of this 
process. Such traces are not found. On the contrary, the 
microscopical pictures indicate that by far the greater part of the 
silver has been predpitated as native silver. (Undoubtedly the 
process mentioned by Vogt has to some extent taken place, as 
has also the reversing process, but nei,ther of them may be 
said to 1have bøen of any great importance, judged from the 
quantitative results of the processes.) 

Chr. A. Milnster ( 43) has maintainerd that the silver of the 
Kong,sberg area has been eledrolytically precipitated by stray 
currents ,in the earth. Thus the ore hands should on account of 
their conductivity have operated as electrodes. To this theory 
must be remarked that it implies the presence of a cathode and 
an anode. Thus one of the walls of the vein must have operated 
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as a cathode and the other as an anode. This has not been 
found to be so. L. Tronstad (75, 76) has written papers on the 
problem of electrolytic pæ.cipitation of native silver and has 
pointed out that the silver might have been precipitated by local 
elements of base minerals such as pyrrhotite, pyrite, sphalerite, 

etc. (Cf. the wellknown experiments of Palmer & Bastin. )o This 
theory does not imply that any of the walls must operate as 
cathode. But dt meets with the same objection as that 

of J. H. L. Vogt, i. e. it implies a proportionality between the 
rkhness in ore of the farhlbands and the silver-bearing of the 

veins, a proportionality that i:s not found. .Ælso the theory of 
Tronstad implies that the silver should ordinarily be found in 
direct conta.ct with the above mentioned sulphides. But this is 

rarher an exception than a rule in the veins in question. 
PersonaHy I cannot find any indication that the pæcipit­

ation of the silver is conditioned by anything else than what 
1has conditioned the pmdpitation of the other minerals, i. e. 

the decreasing temperature of the ore-forming fluid. The tem­

perature must be expected to decrease the faster the greater the 
conductivity of the wall rocks. Thus Chr. A. Miinster has per­
ha.ps just touched the point when he maintains that t~he silver 
must have been enriched through those fahlbands whkh are the 
best conductors of electric ourrent, because it must be taken 
trhat these very fahlbands are the best condudors of heat also. 
R. Støren ( 69) ha:s also slllggested t~his explanation as the right 
one, as has E. Jensen (27, p. 67). 

E. Jensen (27, p. 62 ff.) in this oonnection points to equili­
bria of ions of the type nAg+ + Me m+ ~ nAg + Me tm+nJ+. 
A chanrge of one of the factors of equilibrium e. g. the temperature 
will cause a precipitation of silver quite simHar to a usual crystal­
lizaHon of a mineral ·from a flui.d under decreasing temperature. 
Fe·H +Ag~ Fe 2 + +Ag+, e. g., will by a .decreasing temperature 
be brought out of balance, the reaction being pushed to the left, 
a process which will cause a precipitation of si·lver. E. Jensen 
also mentiones the possibility of simHar prooesses taking pla·ce 
in the cases of manganese and ·CobaH. Both these elements have 
been present in the ore-forming solution. 
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A~lso it must be presumed that the mechani,cal quality of the 
various bands is of great importance. The bands will crack 
in different ways. A compact gneiss will eHher not crack at all, 
or it will develop a single open fi:ssure. In a fahlband consis.ting 
exclusively of chlorite the laminae will slide against each other. 
This will make the fahlban:d easily give way to a tectonic in­
fluence, which will, however, not develop fissures. Between 
these two extremities we have the ordinary fahlbands and the 
ore bands. Between these two extremities we may count upon 
an optimal solidity, as an open f,issure in a gneiss will offer 
an easy pa,ssage for an ore-forming fluid, which, passing rapidly 
without losing much of its temperature, will not aHow the de­
composed materials to precipitate. Where the cracks are very 
inconsiderable, as in the garnet-chlorite bands, they will not 
admit the ore .... forming fluid 'in a quantity sufficient to produce 
a rich ore. 

These aspects of the question have probahly not earlier 
been suffidently stressed. 

Finally we ought to mention that in the opinion of A. Holter, 
(25) a great variation in the structure of the wall roc~s appears 
to be of some importance. A structural variation in the wall rocks 
will imply a proportional variation of refrigeration, electrical 
conductivi.ty, and perhaps also some variation of the chemical 
conditions (e. g. potentiality of reduction and oxydation), vari­
ations which are likely to increase the chemical activity, the 
precipitation, as well as the resolution of the earlier preoipitated 
minerals. 

As to the question of a syst~emahc variation of the distri­
bution of minerals in a vertical direction, such a variation does 
not appear to exist. The contents of the vein is the same whether 
the sampl~es are taken from a depth of 1 O meters or from 1000 
meters below the surface. The only exception from this appears 
to be the occurrence of sulpho-salts, which are most frequent 
near to the surf,ace. The only openings where they are at present 
found is in Mildigkeit Gottes, about 120 meters below the sur­
face, and in the Helgevannet Mine, about 150 m below the sur­
face. Most of the mining is carried on at larger depths. Whereas 
it is nowadays a rarity to find sulpho-salts in macroscopicaHy 
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visibl~e quantities ( exeept in Mildigkeit Gottes), the y are not 
seldom mentioned in mining reports from former days when 
mining was carried on at smaller depths (from R. Støren in 
person). Probably we are he re dealing with a very incompletely 
developed cementation zone. 

The sHver content of a vein has be,en said to decrease with 
increasing distance from the surface. (This pa per p. 8.) From 
what has earlier been sa,id about the veins it will be gathered 
that each separate vein will ordinari~ly dwindle against larger 
depths. Yet the system of veins need not necessarily dwindle, 
aiJthough it must be expected that a system of "Fiederspalten" 
will finally completely disappear, which has in several places to 
some extent been observed. It is, however, of great theoretical 
interest that no observations have been made which might suggest 
a systematic change of the mineral content of the vein itself 
because of increasing depth. 

If it is possible to prove the theory of a dwindling of the 
si1lver towards larger depths, a theory which must be said to be 
at the present state of research rather hypothetical, such a 
dwindling must be aHhogether ascribed to tectonic causes. 

The Origin of the Veins and the Physical Conditions 
Attending their Formation. 

It has been commonly supposed that the sulphide quartz­
breccia veins as well as the cakite- native silver veins have 
been formed by hydrotherma'l activity subs,equent to the eruptive 
activity in the Oslo ar,ea, by whioh activity were formed the alka­
line rocks of the latter area, and I cannot fine! a single factor to 
oppose that theory. As far as the quartz veins are ooncerned 
the matter seems quite obvious. These veins are geologkally 
connected with the diabase dykes of the Oslo area and they 
seem to be formed together with or slighHy earHer than these 
dykes. But also with regard to fhe calcite - native silver veins 
there seems to be every reason to believe in the parentage of the 
youngest granite in the Oslo area, the Drammen granite, named 
after the town Drammen. This is the youngest eruptive rock 
found in this country. If we are to throw doubt on the connection 



-32-

between these veins and the Drammen granite, we 'Shall have to 
operate with hypothetical eruptives in the depth, eruptives, the 
presence of whkh have not in any way been ascertained. 

It has been suggested ( 46) that veins of the type in question 
must be geneticaHy ~connected with basic eruptives. With regard 
to that suggestion I should like to point to the fact that within the 
geological unit to which the area belongs ther-e are found no 
rocks younger than the granHe, except the diabase veins men­
tioned. The theory of the origin of the calcite - cobalt-nickel­
arsenide- native silver veins from a basic rock implies that 
this rock must hav~e been older than the sulfide-bearing quartz 
- breccia veins. On the contrary they are younger. 

There is no convincing proof of the par~entage of the 
Drammen granite, but all indications point ~in that direction and 
to doubt it is to introduoe unnecessary complications. 

If the above mentioned origin be accepted, it is pos~sible wHh 
same aocuracy to make an estimation of the pressure under 
which fihe veins have been formed. At Kongsberg the pres~ent 

surface is dose below the sub-Cambrian peneplane. At the end 
of the period of eruption in the Oslo area this peneplane was 
under the pressure of: 

l) Cambro-Silurian sediments. 
2) basi.c lavas and rhomb porphyries. 
3) a eid lav as (?). Re:mnants of the se are nowhere to be found. 

The total thkkness of these strata in thirs area 'iS not known 
with certainty. They have been removed by erosion. The thick­
ness has by J. H. L. Vogt heen estimated to 3 km, an estimation 
which is probably not very far from the truth. This corresponds 
to a pressure at the pr~esent surface of 800 atm., and to a pressure 
at a Ieve'I which is at present to be found at a depth of l 000 m 
(the bottom of the m·ine Kongen grube) of somewhat less than 
1100 atm. Thus roughly estimated the veins have been formed 
under a pressure of l 000 atm. 

As regards the teiTl!Perature under which the formation has 
taken plarce it is obvious fihat in the case of the veins at Kongs­
berg the temperature cannot be fixed with certainty. We must 
try to arr:ive at a starting temperature and a closing temperature 
of the complete genesis of the miner als. It is characteristic of 
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this paragenesis that it indudes high temperature minerals such 
as a:x;inite, and medium temperature minerals such as barite and 

albite, as well as low temperature minerals such as zeolites. 

It is qujte probable that the formation of minerals has continued 
until the cooling down of the solutions to the temperature of the 
surrounding rocks. Counting in what was at that time the recent 
volcanic area an increase of temperature of 6° C per 100 m depth 

and a total dept'h of 3500 m we arrive at a temperature of about 

200° C. At this temperature the younger primary minerals 
probably were precipitated. For the oldest minerals belonging 
to the same part of the paragenesis as the axinite a temperature 
of 400°-500° C does not seem improbable (this paper p. 95). 
At what temperature the silver has been precipitated is hard to 
say. It can only be conjectured. 

These estimates of the interval of temperature for the form­
ation of the minerals of the veins are to some extent supported 
by the results of experimental investigations. I have tried to 
arrive at the temperature of formation of certain minerals by 

means of the method based upon the existence of inclusions in 

crystals. 

The principle of this method will here be briefly sketched. 

If we ·imagine a crystal during the process of crystallization as 
it grows induding a drop of the solution from which it has 

been precipitated, further cooling will create in the cavity a 
portion of gas besides the liquid, the volume of the latter dimi­
ni1shing because of the cooling. The result of this process is a 
two-phased inclusion such as is oHen seen in minerals. At Kongs­

berg they are found ·in quartz, Huorite, and axinite. If a mineral 
containing such a blister ~is heated, we will find that the gas 
inclusion wiH dwindle and finally completely disappear. The 
temper.ature of the mineral at the moment of the disappearance 
of the gas inclusion wiH then be the temperature under which 
the mineral has been formed. If the temperature under which 
the mineral has been formed is considerably more than 150° C 
the temperature found by this method will be apt to be somewhat 
too low because of the greater compressihility of water under 
higher temperatures. 

Norges Geo!. Unders. No. 162. 3 
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I made several experiments, but none of them led to the 
complete disappearance of the gas inclusion. 

A crystal of quartz was heated to 230°. At this temperature 
the immersion liquid (soya oil) turn ed opaque. The gas inclusion 
was then very small. 

A crystal of fluorite with a number of two-phased blisters 
was heated to 270°. At this temperature the gas inclusions 
were stiH rather considerable, but rheir further development could 
not be observed as the crystal cracked. The indusions, however, 
a'll reacted in the same way. which suggests that they are 
primary. 

As this method should not be applied at temperatures higher 
than 150° C further experiments were not made. The results, 
however, to some extent confirm the calculations above. 

The minerals. 

In the course of time the minerals from Kongsberg have 
been the objeds of numerous investigations. This has parti­
cularly been the case during the latter half of the last century, 
when many research work~er's have been occupi~ed with them. 
The two most informatory works 'have been written by Ths. 
Milnster (44) and L. Sundt (74). R. Støren (69, 70, 71, 72, 
73) and E. Jensen (27) have in recent years been particularly 
interested in native si·Iver and the conditions of its formation. 

Below are given the minerals which are known from Kongs­
berg. The minerals have been arranged according to a system 
worked out by H. Strunz (68) on crystallochemical principles. 
This arrangement has also been maintained during the following 
discussions of the several minerals. 

Native Sli'lver 
Native arsenic 
Dys.crasite 
Argentite and acanthite 
JalpaHe 
Sphalerite 
Ohalcopyrite 

T etr ah ed ri te- ten nan ti te 
Niccolite 
Pyrrhotite 
Minera,ls of the sternbergite 

group 
Galena 
Stephanite 



-35-

7 a. 

t)uartz 7b. Flnorite 

• e e 
Barit<· PyritP Otlll'r minerals 

7 c. 

Fig. 7. lllustration of the approximate relative quantities of the more commonly 
occuring minerals of the veins. The quantities are proportional to the areas 

of the circles. 

Polybasite 
Ruby silver ore 
Pyrite 
Marcasite 
Diarsenicles of Ni and Co 
Chlorargyrite 
f;Juorite 
Quartz 
Anatase 
Cakite 
Bari te 
Erythrite 
Epidote 
Axinite 

Prehnite 
Asbestos ( Chrysotile) 
ApophyllHe 
Chlorite 
Armenite 
Hyalophane 
Al bite 
Datolite 
Natrolite 
Laumontite 
Stellerite 
Harmotome 
Coal blend 
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• • 
Argentit•· Arsf'nicles 

of Co and Ni 

Fig. 8. Illustration of the approximate relation between those minerals which 
do not occur in large quantities in the veins. The quantities are proportional 

to the areas of the squares. 

In addition, older works men ti on arsenopyrite (p. 73), and 
J. Lietz (35) maintains to have found a new mineral, for the 
time be ing called mineral b (p. 64). 

These minera'ls occur with an extremely varying frequency 
and distribution, from calcite, whkh fills most of the vein fissures, 
to anatase and armenite, each of which is known from one single 
specimen only. Now it must be borne in mind that it is practic­
ally impossible to get exact information about the percental 
share of the various minerals in the veins. But, walking about 
in the mines and making microscopical ,examinations of the ores, 
one will eventually arrive at a conception of the relative quantities 
of the minerals. In spite of the fact that such a conception will 
be a very subjective one and not easily approved of by the 
scientist who will demand exact proofs and facts, I will in this 
case not abstain from expressing my personal conceptions, hoping 
that they will not prDve too far removed from truth. 



-37-

In fig. 7 I have represented the average, relative quantities 
of the predominating minerals, wher.eas in fig. 8 I have pictured 
those minerals which are not dominating in the veins. The areas 
of circles and squares respectively are proportional with the 
average percentages of the minerals. 

The figures need no particular comments. It will be noticed 
that cakite is completely dominating, and that the sulphides 
occur in relatively small quantities. The relative percentages 
of native silver and argentite should also be noticed. 

Native Silver. 

For more than three hundred years the mines at Kongsberg 
have been worked for native silver. It is therefore quite natura! 
that just this mineral has been the chief object of discussion and 
that a considerable series of printed and unprinted theses and 
descriptions•on this mineral, its occurrence, its forms of develop­
ment, and its composition, are available. 

Native silver occurs mostly in three different ways: 

1) As enclosed s1ilver ("fyllingssølv"), where the outer 
form is not dependent on crystallographic factors, but decided 
by the form of the surroundings. 

2) In filiform forms, as what is at Kongsberg called "tråd­
sølv", thready silver, i. e. curved fagots of threads or ha,ir which 
have often grown together. 

3) As crystals Iimited by weH defined crystal faces. 

In addition silver occurs as coatings round argentite and 
produced from the latter. 

"Enclosed silver" is probably the most common occurrence. 
Often H shows a lot of mouldings of other minerals such as 
e. g. quartz. Often silver is found precipitated in small fissures 
in the surrounding rocks. A small fissure may be found filled 
with silver and nothing but silver. Thus are produced thin 
laminae limited by parallel fa,lls. These laminae should not, 
however, be confused with laminiform crystals of silver, which 
will be described below. In some places such silver-filled fissures 
occur in large quantities in the surrounding rocks dose to the 
vein, thus forming an excellent ore. 
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Thready silver, too, is rather common. Descriptions of 
thready silver from Kongsberg are numerous in the literature of 
mineralogy. An excellent description has been given by E. Jen­
sen (27, p. 69), who I am here quoting (in translation): "Thready 
silver are long, curled and twisted formations with a characteristic 
streaking parallel with the length direction. The diameter of the 
threads may be from fractions of a millimeter to several centi­
meters, an:d the ,length may be several centimeters. Because of 
this variability the various threads are very often of a different 
appearance. There appear long, thin threads or cuded rods, 
and also short, thick horns or ver-itable balls of fine fibre. -
Usually the lower, broader end of ~he thread ~is found to be 
fastened to one mineral or another, making it look like growing 
up from this mineraL - All the threads which I have examined 
show some oommon featur,es. First of all there is the character­
istkal way in which they "grow" up from the substratum. They 
are easily broken at the base, and the surface of fracture shows 
no zone of reacHon nor any continuation down into the sulphide. 
(Ratiher: down into the substratum. Remark by the author.) 
A mkroscopical examination of the streaking shows that all of 
them have crystal faces. All those specimens, the surfaces of 
which are unmolested, show in these planes a steppy construction 
of small, sometimes very small crystal faces. In some few larger 
threads this may be seen wi~th the naked eyes. Al ready J. H. L. 
Vogt (78) :points to the fact that ordinary thready silver occasion­
aHy shows indications of a crystalline surfa,ce. This all seems 
to indkate an upbuilding of the threads from long, small crystals 
arranged parallel with the length of the threads. The various 
threads very often look like bundles of crystals, and often less 
complkated threads appear to have joined, thus mak,ing thicker, 
more complicated forms. Even when macroscopically a thread 
looks comparatively even and smooth, in the mkroscope it will 
because of this oonstruction of crystal faces show an uneven 
surfa,ce, offering sharp edges and reentrant angles between the 
latter." 

Thready sHver has been given various forms, e. g. hair 
si Iver (hårsølv), and tooth si iver ( tannsølv); aggregates of 
smaller threads orientated in all directions will look like moss, 
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and has been ca'lled moss silver. This latter type is rather com­
mon. Very curious forms are found, reminding us of wonder­
furlly twisted roots or old deformed trees. I have seen examples 
of one single thin small thread of silver having been spooled 
round itself in such a way as to make a ball. 

Thi~s curious mineral'has of course for a long time interested 
the ~mineralogists. The mineral was first produced artificially 
byR. J. Haliy in 1801 simply by heating argentite, on the surfac·e 
of which then appeared threads of silver. Later thready silver 
has been produced many times, and in many ways. All these 
met!hods show the common feature that the mineral ·is produced 
from argentite, or by the influence of a sulphide on a solution 
of a silver salt. It might thus be suggested that primarily argen­
tite has been produced, and then in turn from argentite has been 
produced thready silver. 

The first one to produce thready silver from a hydrous 
solution under conditons similar to those which must have be·en 
present in nature, was E. Jensen (27) in l 939. He found a 
development of threads of silver on argentite when this mineral 
was at a temperature of 130° C exposed to hydrous solution of 
copper sulphate and ferrous sulphate or to a solution of potas­
sium antimonyl tartrate and silver sulphate. Further he ·exposed 
stibnite to a hydrous solution of silver sulphate. By this process 
threads of silver were produced. In the same way cobaltite will 
also give thready silver. By exposing solutions of silver sulphate 
containing antimony to the minerals sphal~erite, galena, pyrrho­
tite, argentite, and chalcopyrite under a temperature of 130° C 
there will be formed thready silver, whereas the same minerals 
do not precipitate thread-shaped silver from ·silver solutions 
whkh do not conta1in antimony. Evidently antimony plays an 
important part in the for,mation of thæads, and E. Jensen (27, 
p. 99) has formed the following rul1e: "- - - whenever 
rmetallk silver is formed from a solution containing antimony 
1in the presence of an y sulphide (not necessarily silver sul ph kJe) 
it is filiform". 

Further he has (27, p. 79) by the following fine experiment 
been able to show, what has also been suggested by the study 
vf the structure of the threads, that the growth of the threads 
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of silver takes place at the root of the threads and not at the 
top: A cylinder of silver sulphi'de was heated in hydrogen. As 
soon as macroscopic thn~ads had appeared a trifle sulphur was 
introduced into the cylinder ~in order to give the threads pro­
duced a coating of silver sulphide. When the threads had been 
allowed to grow for some hme the experiment was interupted, 
and as a result he obtained a senies of silver threads which were 
lb'Ja,ckened at the top but dean and white at the root of tthe 
thread. Taking for granted, what i~s very likely, that the threads 
of slilver will grow in the same way in a Iiquid as here in a gas, 
it may be conduded that the growth takes place from the root 
of the thread. 

E. Jensen's view of the fonmation of threads is this: Thready 
silver is formed from argentite (or acanthite) by the rem oval 
of sulphur or by the binding of sulphur to some other compo­
nent, whereas the released silver trav.erses the sulphide until 
in one place or another on the surface in encounters a crystal 
embryo of native silver on whkh it is precipitated and where 
eventually a thread is formed. Finally then the formation of 
thready si'lver should be dependent on the free mobility of silver 
ions in silver sulphide. 

It is evident that a sm,all silver crystal on the surfa·ce of 
argentite in this way wiH have new subsrtance pr,edpitated on 
the piane along whkh it has been affixed to argentite, and only 
on that plane, and that the æsult of this growth wHl be a long 
thin crys,tal, i. e. a thread. I find it quite natural that during its 
growth this thread will easily be Hexed. If now originally a lot 
of small (para!Jlel) crysta1ls are found arranged s:ide by s:ide 
the result may be a long tooth of native silver consi'Sting of a 
series of quite thin threads which have more or less grown 
together. Besides, there must evidently during the growth of 
the bundle of threads be formed new threads besides the older 
ones, because the teeth of silver are usually thicker at the root 
than farther up. As to the bended and partially twisted forms, 
they ought not to surprise us when we bear in mind that a tooth 
of silver or a thread of silver will consist of a seri~es of threads 
whkh are more or less grown toget her; if now the various threards 
composing such a bundle or tooth do no grow exactly at the same 
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rate, there will immediately be created tensions in the bundle of 
threads, and these tensions will cause the bundle to bend or twist. 

Now, as regar,ds Jensen's view in the formation of thready 
silver, that this formation should actually depend on a specific 
particularity of silver sulphide, several things have brought me 
to doubt that thi's constitutes the whole story. First of all we 
should then always expect to find argentite as the substratum 
of filiform silver. Thirs is, however, not the case. At all ~events 
it must be right to suppose that argentite ha:s just acted as a 
medium; that is to sa y, during the growth of the si Iver threads 
from argentite, this again has drawn corresponding quantities 
of silv~er from the solution. Thus a rather small quantity of 
argentite is able to bring about the crystalisation from a solution 
of relatively larger quantities of silver in the form of thready 
silver. E. Jensen, too, seems to have just touched this idea. 

However, I do not think rhat this explains everything. It 
is of some interest to examine more closely the host minerals 
on which thready silver has been deposited, i. e. argentite, pyrar­
gyri1te-proustite, pyrite, and galena. In the case of these minerals 
sulphides are always present, and where the sulphides is not silver 
sulphide, we might imagine that this sulphide has first been 
produced in some quantity, and then thready silver. However, 

thready silver is also deposdted on a substratum of native silver, 
and even calcite is found as a host mineral, that is to say we 
tind host minerals which show a complette Jack of any sulphur. 
In the mines I have found large quantit1ies of beautifully deve­
loped t~hready silver without notidng even a trif,Je of arg~entite, 
and neither I, nor as far as I know, any one else, have been 
able to ascertain that argentite ris in a1ny way more common 
where thready silver occurs than where other forms of silver 
are found. 

Neither does the above mentioned view of the deposition 
of thready sdlver offer any expJa,nation of the important part 
whioh, as already mentioned, s~eems to be played by antrimony 
in the deposition of nhready s,iJver. Here var1ious explanations 
might be suggested. Thus intermediately produced dyscrasite 
might have played the part which has, according to above men-



-42-

tioned view of the matter, been played by argentite. Also Sb::­
in dyscrasite mi,ght by a temporary ohange to Sb3 + act as a 
r~edoxy-catalyst in the reduction of Ag+ to Ag. But theories 
like these must needs be hypothetical a's long as they are not 
proved by reliable and exact experiments. A continuat1i,on of 
the experiments made by E. Jensen is very much to be wished 
and welcomed and mig1ht thnow further light on this interesting 
f~enomenon of nature, the deposition of thready silver. 

A form of sHver whkh when cursorirly examined looks very 
much like thr~eady silv,er, but whi~ch wi,J11 appear somewhat more 
solid, has by R. Støren been caHed baroque silver or baroque 
crystals of Sli,lver. It appears in toot:h-like and very twisted 
Slhapes whkh have been so caltled because of their baroque 
appearance, allld which arre, as is a;Jso hinted in the name given 
to this form of silver, t·o a large extent limited by crystal faces. 
The streaking parallel to the length of the forms which is so 
charact,eristic to thready silver, its here either completely lacking 
or only tra1ces ar~e left. This form of silver can scar,cely be 
regarded as anything else than more or less recrystallized 
thready si:lver. 

Native si~lver in crystal forms limit,ed by well defined crystal 
faces and comparatively "normal" development is by Chr. A. 
Mtinster ( 43, p. 49) Slaid to be very raæ. "The all importarnt 
part of the silver is found in lumps, plates, teeth, thr,eads, and 
sheHs; months and years may pass between every time crystals 
ane found." This is corrrect in so far as beautifully developed 
crystals arre very rare, but silver showing crystal faces is far 
more common than appears from the des,cription just quoted. 
(Actually threa:dy sitlVIer ha1s a:lso crystal fa,ces, but because of 
its peculiar development and fonmation .it is not induded among 
what has been called "crystalliz1ed si,lver"). Of course there i1s 
in the first instance no g~enetioal difference between "enclosed 
silver" ( "fyllingssølv") and "crystaUized silver", and in a direc­
tion along which it can grow freely, enclosed silver may very 
well show independent crystal fa,ces, in whkh case it must be 
looked upon as something in between. I have, however, included 
this way of dassi.fkation, beoause these names are much used 
and are practical denominations very descriptive of the 
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appearance of the silver. A aloser examination of the silver 
whi~oh is not thread-shaped will show that most of it shows 
larger or smaUer crystal faoes. 

We often find dendritic forms produced by the joining to­
gether in one crystaHographic direction of smaNer crystals ex­
hibiting paraHel orientation. The commo.n crysta'llographic direc­
tion ha,s then been rdominating during the ~rowth of the forms. 
These dendrHic crystals may remind very much of large crystal 
skdetonts. OHen they assume the shape of a tree with branches 
or the like. The dendritk forms have been examined by A. Sade­
beck (60). A consirderabl'e part of the so-caUed moss s:ilver 
consi1sts of aggregates of small dendni,tically developed crystals 
which are orientated in various directions. 

Crystals of silver from Kongsberg have been examined by 
s~everal research workers, first by O. Rose (57) who ~in 1831 
described crystals with dominating (311) and subordinate ( 111) 
and in addition twins after ( 111) with large ( 111) faces and 
smalll<er ( 1 00) faces. K. Zittel (82, p. 793) menti'ones ( 111), or 
( 111) and ( 1 00) sometimes combined with ( 11 O), and finally 
rathler thoroughgoing examinations have been made by A. Sade­
beck (60). Some of his drawings of crystal1s a,æ here reprinted 
as Fig. 9, Fig. 1 O, and Fig. 11. In a'IJ he has diagnosed the 
following faces: (111), (100), (110), (311), (210), (410), 
( 520), and (751). As a middle habHus he gives octahedron in 
equaminity with cube or tetrahexahedron. 

Twins, tw. pl. ( 111), are very common. The y may be 
penetration twins, the ~corners of one individual protruding from 
the cube faces of the other like noses, a configuration which is 
WJell known from fluorite. The twins ,may a1lso be contact-twin:s. 
In the coHections of the Kongsberg Silv.er Works i's found a 
crystal, a picture of which is printed as Fig. 12. The two indi­
vi·duals are Jimited by the cube-faoes and are with reentrant 
angles joined along an octahedron faoe. The grea.test length 
measured in the twinning-plane is 4 cm, and the greatest breadvh 
verticaNy on thi·s plane ·is 3 cm. This is probably the most 
beautiful sHver crystal .ever found. 

In addition to these twins others ar~e a'lso found according 
to A. Sadebeck (60): " ..... terner sind aneinander-wachsungs-
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Fig. 9. Fig. 10. 

Fig. 9. Twin crystais of siiver. b, c octahedron faces. f, g, i, I trapezohedron 
faces. After A. Sadebeck (60). 

Fig. 10. Twin crystais of siiver. b, c, d octahedron faces. f, g, h, i, k, I, m, n 
trapezohedron faces. After A. Sadebeck (60). 

Fig. 11. Twin crvstais of silver. a = cube. o = octahedron. 
After A. Sadebeck (60). 
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Fig. 12. Twin crystals of native silver. Natural size. 

Fig. 13. Lamini-formed crystal of native silver. 

Fig. 14. Small lamini-formed crystal of native silver. 
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zwill,inge verbæitet bei den Ikositetraedern m ( 311), wie sch on 
G. Rose (loe. cit.) hervorhob. Di ese ZwiHinge ha ben oft ein 
trigonales oder hexagonales Aussehen." 

l·n the year 1934 very beautiful lamini-fo.rmed crystals of 
silver were found in a vug in the minre Gottes Hli.Jfe in der Noth, 
230 m level. As early as 1935 R. Støren (73) published a 
description of these crystals. In the crystal found in Fig. 13 the 
larg·e fa,ces are about 20 cm 2

, whereas the thickness of the plate 
crystal is onrly l mm, the dim.ensions bei:ng thus approximately 
30 mm. 70 mm. l mm. 

A closer examination shows that the large faces are octahe­
dron-fa.ces and that the plat·e crysta,ls are twi~ns with ( 111) as 
twinning-plane. In accordance with this we sometimes find 
angles on the small edge. On the large shining planes of the 
octahedrons we find a triatngular streak,ing after ( 1 00) due to 
osdHatory combination of the form·s ( 111) and (l 00). Under 
the binocular-lens we may easily see a weak development .of t'he 
( l 00)-farces. 

The flaps i1n the edg·e of the crystals are limitred by a tetra­
hex:aihedi'On. The fa.ces did not allow any quite exaot .measur.i·ng, 
but it must be quite certain that we have to deal with ( 520). 
A crystal on which such a flap has been very we]'] developed 
is found in fi,g. 14. 

It irs a well known ~hi:ng that twins are often extremely 
devel:oped along the elements of twinning. Thus twins whkh 
have a twinning-plane are flatterned along this plra:ne, whereas 
twins which have a twinning-axis are lengthened in the d.irection 
of the axis. ~he described plate crystals are examprles iHustrat­
ing this rule. 

The plat·e crysta·ls were found together with uncommonly 
much argentite, and there a'lso oocurred ruby sdlv·er ore (73). 
These facts indicate the possibility that we are here dealing with 
a younger product belongi:n1g to the cementation zone. 

The ohemka~l composition of native sihner hars for -Iong 
periods been the object of investigations. We may mention 
na·mes as Langbeng (33), Samuelsen, and Stalsberg and also 
Chr. A. Mlinster ( 42), and recently investigations have first of 
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aH been made byE. Jensen (27), J. Lietz (35), and R. Støren 
(69, 70). 

M·ercury is the element which in the !argest quantities is 
present in nrative ·silver. From numerous analyses whkh have 
been made it is possible to gi ve an average percentage of 1-2 %. 
It va·ries very much from specimen to specimen, from very small 
peroentages to amalgames which ar'e very rkh 'in Hg. In alrl the 
foHowing percentages have been determined larger than 5 %: 
5.06% (Pisani), 5.50% (Samuelsen), 7.20 ~{ (Flight), 7.28% 
(Støren), 13.7 ?1~ (Pisani), and 23.07% (Flight). Two crystal­
lized amalgames wit'h percentages 4.74 % and 5.06 % have 
caused Pisani to ·isolate a minera1l spedes for which he propos1es 
the denomination Kongrsbergit1e. Now Ag and Hg form mixed 
crystals of the a-phase under aH conditions up to 50 % Hg. Thus 
the proposed denom+nation ought to be exduded f,rom the 
mineralogical nomendature. Pisani himself was also very reserved 
and suggested tlhe possibility of this oonnection not being a 
stoechiometric one. 

Samuelsen wanted to prove that the amalgames in question 
were not stoechiometric, and to that effect he selected a piece of 
si'lver containing mercury, whkh by hammering and by steadily 
moving the specimen in one direction under the hammer was 
given a long,isih and thin form. In that end of the pie,ce where 
he had st,arted the hammering he could finally only find traces 
of mercury, wher,eas the other end of tlhe pi,ece contained no less 
than 4 % Hg. In the opinion of Støren a oonsequence of this 
experiment is that mercury should mainly occur near to the 
surface of the silver crystals. I have found .it possible to explain 
this by suggesting that si'Jv,er has derived its mer~cury in the 
following way: Si Iver being the more electroposHive eJ,ement has 
precipitated memury from the solution, immediat1ely binding it 
by amalgamation. Mercury stands below silver in the electro­
motive seri:es of ·elements, a·ccording to Handbook of Chemistry 
and Physics, 21st ed.: Ag= Ag2 ++ e, potential -0.7978; 2 Hg 
= Hg:!++ 2 e, poten ti al -0.7986. It is, however, astonishing 
that mercury ha1s not been equally distributed in the sHver crystal 
in question by ddfusion during the long period which has elapsed 
si1nce the formation, and in harmony with this J. Lietz found 



-48-

(35, p. 105) two crystals which he examined layer after layer 
from the surface to the core, to contain largely a constant 
percentage of mercury. The small variation observed was a 
slight increa,se in the percentage of mercury from the surfa,~e 

towards the middle and then again a decrease towards the center 
of the crystal. 

We ought to bear in mind that from the moment of the 
beginning of the deposition of native silver, this mineral must 
have preoipitated mercury from the solutions. This fact offers the 
possibility of native silver being alloyed to mercury during its 
own precipitation if the solutions in question have contained 
mercury. 

Much int~erest is attached to the fact that thready silver 
shows a far smal1ler percentage of mercury than other forms 
of native silver. It has even been maintained that thready silver 
should contain no mercury at all. Tihis supposition has been 
confuted by the spectrogr:tphica~l examinations made by J. Lietz 
( 35, p. 1 06). However, it has been definitely stated that the 
percentage ~in thready si1lver is on the whole considerably smaller 
than in otrher forms of silver. This must probably be explained 
by taking thready silver to have been deposited slighNy later 
than common native siJv,er, at a point when the main portion of 
the ava,i1lable ~mercury had arlready been ~deposited. - According 
to J. Lietz the younger plate crystals whkh have been described 
above contain only 0.001 % Hg. The difference a,s to percentage 
of mercury has probably no connection with the difference which 
is i~n principk found between native sirlver whi·ch has crystallized 
from the or·e-forming soluUon like most minera~ls, and on the 
other hand thread-shaped native si,Jver whioh has grown from 
a substratum. 

The percentage of antimony present in the silver has to no 
such extent been made the object of investigations. Chr. A. 
Mlinster ( 42, p. 278) has made two determinations and found 
0.58 % Sb and 0.01 % Sb .and J. Li~etz (35) gives approximately 
> O.l % for 12 tests, O.l % for 4 tests, 0.01 % for 2 tests, 
0.001 % for l test, and < 0.001 % for 3 tests. Thes~e investig­
aUons indicate an average percentage of Sb of O.l %. W~e must 
not, however, di1sregard ~he possibirlity of a small peroentage of 
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dyscrasite which might exclude the presence of antimony in 
native silver. Yet, bearing in mind that dyscrasite is rarely 
found in polirshed spedmens, whereas Sb is very common, it is 
a more Iikely supposition that this comparat'ively inconsiderable 
percentage of Sb has been taken in solid srolution by native siJv.er. 

Gold i~s strikingly rar~e. Systematic investigaUons made at 
the smelting-works of the Kongsberg Si1lver Works in the years 
1852-1882 and aHer 1915 show an average percentage of 
Au of between 0.001 % and 0.005 %. Si·lver from some small 
mines whi~ch have not been of any g~reat pradical importance 
show larger percentages, up to 0.35 % (22). 

As a mineralogical rarity silver containing muoh more gold 
has been found. Thi1s silver ha.s been caNed ·go1den silver (gyl-· 
di'sk sølv). The following percentages have be en determined: 
29.9 %, 27.4 %, 28 %, 31.8 %, 32.5 %, 34.2 %, 43.9 %, 45 %, 
50 %, and 53.1 %. The figures are interesting in so far as 
usually auriferous silver has proved to contain less goM than 
indicated by these figures, el~ectrum more. 

Golden si Iver .has been found in the following mines: Loui,se 
Augusta, Charlotte Amalie, Juel, Braunschweig, Hannibatl, Bly­
galllgen, Fraulein Christiane, Bestandige Liebe, Vater Adam. 
Mutter Eva, Vinoren Nr. 9, Nye Segen Gottes, Blårud, and 
Ravnås. Th. Hiortdahl (22) has pointeld to the fact ~hat on the 
rock d!Uimpings from many of ~hese (mines are found quite 
strikingly many pi~eces of gangue whitch must have originated 
from quartz veins, and he thinks that this must indkatte a con­
nection. We must bear in mind that the sulphide-bearing quartz­
breccia veins will carry a trifle gold, 2-3 g per ton at the most. 
Probably the ore-forming solution of the native silver- nickel­
cobaH-arsenide veins when forcing its way along the older 
quartz vein, has not been in equilibrium with gold, which element 
has then been sdectively extracted from the quartz vein, and later 
redeposited as golden silver together with the other mineral~s of 
the younger native silver- nickel-cobaH-arsenide paragenesis. 

As a consequenoe of this interpretation we may state that 
g~old (in l.arger quantities than 0.005 % of the s~lver) is an 
element which 1has not originally been present in the veins under 
discussion. 

Norges Geo!. Unders. No. 162. 4 
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Samuelsen maintains to ·have found 5.5 % Pt in gold gained 
from native silver. 'rhis corresponds to a peroentage of about 
0.0001 % Pt in the silver. He a:lso maintains to have proved the 
pr~esence of Pd. 

The possibility of the presence of some copper in the s·ilver 
cannot be dis1regarded. Most of the copper which has been 
observed to aH probability odginates from chakopyrite; during 
his spectrographical investigations ]. Lietz has found 3 specimens 
showing Cu and not Fe, or too little Fe i~n relation to the 
peroentage of copper. Jf the presence of copper in the silver 
can be proved it must be a very smal~l percentage, on an average 
0.001 % at the most; personally I am inclined to believe that no 
oopper is present in nat~ive sHver, the only indications of the 
presence of copper being the above mentioned statements by 
J. Lietz, and a calculation like his of the percentages of copper 
and iron by means of a spectrogram may very well bring in an 
error of a factor of ten or more. 

Other elements found tog~ether with s+lver without doubt 
originate from other minerals occurring together with the silver, 
Ni from the Ni-Co-arsenides, Pb from galena, and Fe from 
pyrrhotite etc. Bi offers a more difficult problem. Either Bi 
must have followed the arsenides, or the small percentage of Bi, 
0.001 % at most, must have been induded in the silver as a solid 
solution. The hrst explanation is the most probable one, the 
spect:rographical results arrived at by J. Uetz showing some 
proportionality between the percentages of Ni, Co, and As on one 
side, and the percentage of Bi on the other. However, J. Lietz 
gives 0.001 % Bi for a specimen whi·ch does not contain any Ni 
or Co. Now we must bea:r in mind that J. Lietz has availed 
himself of a visual compaPison of the spectrographica·l lines of 
native silver and those of metallic silver to which have been 
alloyed certain known quantities of thos~e metals which are of 
interest in this connection. This must be regarded as an in­
accurate method which demands a very cautious use of the 
cJata found. 

The paragenehcal posiNon of the silver ( see the map 
showing the paragenesis, p. 126) seems to be quite clear, the 
minerals of the quartz- coal blend- fluorite- axinite- pyrite 



Fig. 15. Surface of argentite 

changed into native silver. 

After j. H. L. Vogt (78). 
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paragenesis, and in addition the older sulphides and most of the 
precipitated fluorite and calcite, being older, whereas the Ni-Co­
arsenic.les, pyrrhotite, and the second generation of the other sul­
phi~des are younger. 

Quartz, pyrite, and axinite show crystals bordering against 
silver. Besicles si 11ver has been predpitated in fissures in these 
minerals. In addition quartz has sometimes been replaced by 
native silver. This is also, but not so often, the case with pyrite 
(Pl. I, Phot. l). The older sulphides are also replaced by silver 
(Pl. I, Phot. 2). 

The silver is cut through by thin veins of the younger sul­
phides and the Ni-Co-arsenkies together with cakite (Pl. Il, 
Phot. 3, Phot. 4), and the Ni-Co-arsenides, pyrr:hotite, and same­
times chalcopyrite are found as coatings on crystals or smaHer 
portions of silver. As to the arsenides a more thoroughgoing 
discussion of this structure is found on p. 74 ff. 

Between native silver and argentite the relations are very 
intimate. Sometimes one of these minerals is founcl together 
wit'h the other. A·rgentite is founcl changed into silver from the 
surface onwards (Fig. 15), the metamorphosis may be found 
so advancec.! that only a small nudeus of argentite is lett in the 
micldle of the silver. On tihe other hand \Ve also tind examples 
of a thin coating of silver on argentite, this coating sometimes 
being so thin that it is observed as a light grey hue on the 
surface. The metamorphosis of argentite to silver during the 
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Fig. 16. Silver threads on argentite. 
After J. H. L. Vogt (78l. 

forma ti on of thready si iver has been described above (Fig. 16). 
On the other hand we also find a convertion of silver into argen­
tite, the process starting from the surface. This process is 
someNmes found so far advanced as to leave but a small nucleus 
of silver. As a result of this prooess we may as a rarity find 
"thready argentite", whiah is, however, usually connected with 
remnants of silver indicating rits origi'n. 

Any considerabJ,e difference as to age between thready silver 
and common native silver has not been indicated by the investig­
ations. On the contrary, the two forms seem to have been formed 
on the whole contemporaneously. However, as mentioned above, 
the low percentage of mercury might suggest that thready silver 
is slightly younger, a supposition whi,ch ~is supported by the fact 
that as a rarity, thread-shaped forms are found on the surface of 
common native sitlver. 

The paragenetical position whi:oh has here been described 
must be appHed to al:most all native silver. However, in those 
portions of the oocurrence which are dose to the surface, has 
been found silv,er which has been decomposed and redeposited or 
crystallized. ~his silver is found together with more argentite 
t,han usual and a1lso together with ruby si,Jver ore, and it must 
be supposed to :have been deposited from descending waters. 

In addition very small quantities of younger silver of hypo­
gene origin have been observed. This silver has probably been 
formed through a temporary faculty of the solutions, though to a 
very small extent, of decompGsing silver that has been precipitated 
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earlier. This decomposed silver has then later been deposited from 
the solutions. Thus I have come across an isolated example of a 
small native silver vein in pyrrhotite. This silver must without 
doubt be younger. Some few times l have observed features 
which might indicate a later recrystallization of older silver. 
This, however, seems to be a process which must have played 
a very inconsiderable part. 

Arsenic. 

Native arsenic is a very rare mineral in the veins. I have 
myse1f never found this mineral, and the collections of the 
University, Oslo, include only 5 specimens of it. Arsenk has in 
former days been mentioned from Vinoren and from the mines 
at Helgevann. 

Three specimens whkh were put at my disposal by the 
Geologi·cal Museum of the University of Oslo, were dosely 
examinecl. One of them came from Chri,stianus VI at V~inoren, 
the other two are labeHed Kongsberg onrly. In the microscope 
it appearecl that the three spedmens are all tolerably similar, 
consisting primarily of arsenic in which have been separated quite 
small porhons of anf!imony, t·he latter partly appearing as drops. 
(Pl. Ill, P hot. 5.) Besides, si mi lar portions of native silver or 
dyscrasite and of ruby silver may be seen. What distinguishes 
native antimony from native arsenic is a more yellow colour. 
N a ti ve antimon y is also brighter and sotter. 

An optical spectrogram which Dr. I. Oft.edal had the kind­
ness of making for me shows the following minor components: 

Sb % Pb O.OOx% 
Ag Hg O.OOx - in two specimens only. 
Cu O.Ox Ni O.OOx - in one specimen only. 
Te O.Ox? - Bi 0.001 -
Co O.Ox - in two specimens only. 

In a,ddition Ca, Fe, and Si from the gangue. 

It must be regretted that because of the war it has not been 
possible to make a chemical analysis of these three specimens 
as was of'iginally intended. 
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The specimens consist of an aggregate of crystals of arsenic, 
the size of the grains being similar to that of rather finely crystal­
lized lump su,gar. In my opinion ~he mineral has under a higher 
temperature been an aHoy of As, Sb, and Ag. The atomi'c radii 
of these elements are 1.40 Å, 1.61 Å, and 1.44 Å respectively. 
The present structure is secondary and is produced by unmixing 
caused by sinking temperature. 

Native arsenk occurs together with cakite, which it prob­
ably replaces. A:s we do not know any more of its mode of 
appearance than what is mentioned here it is ~impossible to know 
whether it has been precipitated by ascendent or descendent 
waters. The fact that nowadays we never find native arsenic 
may indicate that it does not occur at the larger depths where 
mining is now carried on, but only at higher levels where the 
mining was carried on earlier. This might indicate that it has 
been precipitated from descendent water. The structure de­
scribed above, which is probahly due to unmixing, on the oon­
trary seems to intdi,cate t1hat it has been produced under such 
a high temperature that it must imply ascendent waters as de­
positing fluid. 

Since the mineral in places exhibits a botryoidal surface 
a gel has probably first been precipitated. By crystalliza~tion 

this gel has become an aggregate of small crystals of an aHoy 
of As, Sb, and some Ag. Under decreasing temperature there 
have been produced by unmixing portions of antimony and silver 
(or ,dyscrasite) in native arsenic. 

Dyscrasite. 

Dyscrasite appears to be rather rare. Besicles, when this 
mineral does not occur in direct connection with silver, it is 
easily interchanged with the latter mineral. In addition it also 
appears in quite the same way as silver, and when these two 
minerals are found in direct contact wiuh each other, both of 
them occur in irregularly limited portions, and their borderings 
on each other do not give materials for condusions as to their 
relative ages, or for conclusions as to whether one mineral has 
been formed from the other by replacement, or as to whether 
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they have heen producetd contemporaneously. Otten dyscrasite 
is found to have an edge of native silver, whereas I have also 
on the contrary found silver whic'h has had its edges changed 
into ·dyscrasite. 

Argentite and Acanthite. 

These minerals are rather common in the veins, but tihey 
nevertheless do not constitute more than l O % of the silver at the 
most ( see fig. 8, p. 36). U sua! ly the y appear as irregularly 
limited masses or as laminae between other n11inerals. By far 
more seldom are found crysta:Js, and these have ihen nearly 
always been corroded. Ths. Muns~er ( 44) strikingly remarks 
that argentit·e looks as if it ha~d been exposed to heat and to some 
extent started metting. 

G. vom Rath (56, p. 385) describes cystals with pre­
domi·nantly cube and dodecahedron, and also trapezohedron 
(211 ), and Schrauf (1871, p. 165) ·describes (111 ), (110), 
(211), and under some doubt (221). In the collections of the 
Kongsberg Siilver Works is found a beautiful crystal with domin­
ating ( 1 00) whkh is bare! y cut by ( 111). There is also found 
a penetration twin consisti,ng of two individuals limited by cube 
grown together in such a way as to ma}<ie the corners of one 
indivi,dual pi·erce through the planes of the o~her indivi·dual like 
smaH noses. However, it is probably most likely that this :Jatter 
example is a pseudomorph of argentite after native si11ver. In the 
same collections are also found several crystals with rhombic 
habit and to some extent developed into spear...!Jike shapes. It 
must be regretted that the faces are too poor to allow meas­
urements by means of the goniometer, but they are probably 
crystals of acanthite. 

When one succeeds in getting a good polish on specimens 
of argentite, it may clearly be noticed that the mineral 
is anisotropic. By means of colour f·ilters and inexactly crossed 
niccols we will then usually find <Ciiffently orientated lamellae 
and stripings. Vet the lamel-formed structure cannot be sakl 
to be very striking. However, taking into consideration how 
easily such a structure may be overlooked, because of the fact 
that argentite will usually not polish very well, and also because 
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of the weak anisotropy, I think it quite consistent to conclude 
that tihe occurring argentite will commonly be lamel-structured 
and thus formed under a temperature higher than l 79° C. l 
willl not om it pointing to the fact that the observations of J. Lietz 
( 35, p. 95) has lea1d him to the opposite conclusion, i_. e. tha t 
silver sulphide although sometimes perhaps formed at temper­
atures hi·gher than 179° C as argentite, has usually been formcd 
at temperatures lower than 179° C, as rhombk acanthite. Here 
theory stands against theory, and it must be regretted that we 
have no means of decidedly and irr•evocably s·ettling this question, 
which is of such a great importance to the right understanding 
of the paragenesis of the occurrence. 

Besides having been formed in the zone of cementation, 
argentite has obviously been formed in two generations. The 
oldest argentite has been forrmed contemporaneously with the 
older generation of sulphides, and has otten been replaced by 
native silver. Some portions of silver have only small remnants 
of argentite lett. Around the silver has later been precipitated 
Ni-Co-arsenides. The younger argentite is younger than native 
silver, which it replaces. In polished specimens may be seen 
how in this way coatings have been formed round silver, quite 
similar to those whkh are formed by Ni-Co-arsenides. The 
younger generation of argentite is probably of the same age 
as the younger generation of the other sulphides. 

Now as to the hypothesis put forth by J. H.L. Vogt (78) that 
the greater part of the native sHver at Kongsberg should have been 
formed secondarily from argentite, it appeårs from the micro­
scopical examinations as well as from what may be observed 
in the mines, that he has to the highest degree exaggerated the 
importance of this process. The justification of his supposition 
demands a frequency of the occurrence of argentite as residual 
portions 1in si•lver by far much great·er than what is observed. 
A1lso the process must be expected to have l·eft traces directly 
in the veins. 

l'he mutual replacement of argentit·e and silver, which is 
also 'well known from other oocurrences, where it is otten difficult 
to follow in details, seems to be easi~Iy conceived in the cas'e 
of the Kongsberg occurrence. Argentit·e of first generation ( see 
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the tab le of paragenesis, p. 117) has during the deposition of 
siriver not been in equilibrium with the solutions and has been 
replaced by native silver. By this process often only a thin 
protective coating has been formed. On the other hand native 
silver has during the deposition of the younger generation of 
argentite been replaced by the 'latter mineraL However, it is 
probably most likely that the younger generation of argentite 
consists in native silver which has been chang·ed into argen­
tite by the sulphide-depositing solutions. Thus the younger 
generation should not imply any fresh i~nt·ro·duction of s1ilver into 
the veins. I have not found any indications of the conditions 
of the .mutual replacement of argentite and native silver bemg 
more complkated than here sketched, the only exception being 
the redeposition whieh has taken place in the upper regions of 
the occurrence under the influence of descending water. Na!live 
silver as well as silver sulphide, probably in the form of acanthite, 
is found in the incompletely developed zone orf cementation. They 
have probably been formed during new mutual replacement 
phenomenons. 

jalpaite. 

Personally I have never found jalpaite, but ]. Lietz de­
scribes it from the mine Kongens 1grube as well as from Gottes 
Hiilfe in ~der Noth. In a specimen from the latter mine, 636 m 
level, jalpaite occurs together with argentite and chakopyrite 
and replaces the latter mineral. 

Jalpaite must be excepNonally rare. 

Sphalerite. 

Next to pyrite, sphalerite is probably the most frequently 
occurring sulphide of the Kongsberg veins. Y.et it occurs only 
in compar,atively small quantities (Fig. 7 and 8). The colour 
va11ies from light yeHow to dark brown and black, corresponding 
to a greaNy varying percentag·e of iron. Crystals orf sphalerite 
are very scarce. Spedmens from Christians stoll (driftway of 
King Christian) have be en examined by A. Sadebeck (59, p. 620, 
61, p. 595). According to this author the positive tetrahe,dron 
dominates. The negative tetrahedron is less developed. Be-
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sides, the crystals are limited by the cube. The positive tetra­
he!dron has lines pointing to a dodecahedron, and the negative 

tetrahedron has lines suggesting a very flat triacistetrahedron. 
He has also found the usual twins after ( 111). 

l. Oftedal ( 47) has examined sphalerite from these deposits 
spectrographically. The results of the analyses are given in 
table 4. He has especially pointed to the fact that the Kongs­
berg sphalerite is excephonally rich in silver, and is of t,he 
opinion that this is due to interpositions of silver-bearing mine­
rals. However, neither Oftedal nor I have ever been able to 

observe such interpositions by mkroscopic examinations. A few 
observations made by Oftedal himself might indicate the ccr­
rectness of his proposition. The spectrographed sphalerite 
from the mine Gottes Hillfe in der Noth (Table 4, 1) otten has 
a peculiar metallic lustre on the surface of fracture. A collection 
of spec1mens taken from such surfaces of fracture proved to 
contain 1 O times as much si1lver as the rest of the crystal. An­
other crystal of sphalerite from Kongsberg was light green within 
and dull and green on the surface. The dull portions were rioher 
in silver than the glossy ones, and this may probably indicate 
that the Jack of lustre is due to a pig.mentation with some silver­
bearing :m.ineral. It is, however, rather curious that even under 
very high magnifying powers ( 1000-1500 times natura! size) 
it has not been possible to discover any such interpositions. We 
therefore probably have to take into account the possibility that 
the comparatively large quantity of silver may be due to solid 
solutioh. 

An x-ray spectrogram of sphalerite from Mildigkeit Gottes, 
124 meter leve!, shows, in addition to Zn and Fe, also Cu and 
Mn, in perfect harmony with the results arrived at by I. Oftedal. 

Sphalerite occurs in two generations in the veins, one older 
than native sHver and the other younger than native silver, the 
nickel-,cobalt-arsenkies and pyrrhotite. (Fig. 39.) (Pl. I l I, 
Phot. 6). The older sphalerites are characterized by interpositions 
of chalcopyrite, which are \acking in the case of the younger. 
This is in exce\lent harmony with the common supposition that 
these interpositions ~have been produced by unmixing due to the 
Iower solubility of CuFeS~ in ZnS by lower temperatures than 



Sphalerite 

Cd Ga In l Sn l Ge Mn Co l Pb l Fe C u l Ag l Hg l As l Sb l 
l .... 0.3 0.001 0.0031 l 0.3 0.01 l o.oo1 l >:o o.l 0.01 l 00031 l 003 l 2 .... 1 0.01 0.0001 0.000 l O.l o 005 0.03 l 0.0 l 0.01 0.003 

3 . . l 3 0.05 l l 0.001 l 0.001 l l o l l O.l l 0.0031 l 001 l 4.... 0.3 0.00 l 0.0005 0.005 0.005 0.05 0.03 0.51 0.005 o 001 0.003 
5.... 0.05 0.00 l 0.0003 0.00 l 0.0003 0.005 003 0.001 0.5 o 005 0001 0003 

Galena 

-~ Sn l As l Sb l Bi 

l 
l .... ·l' l 0.001 l 

l O.l l 0.005 
2..... O.l 
4 ..... l 0.01 l 0.03 l 0.001 

Localities: 1. Gottes Hlilfe in der Noth. 560 m leve l. 2. Mildigkeit Gottes. 3. Mildigkeit Gottes. 
4. Old Anna Sophie mine. 5. Kongsberg. 

Bi 

Tab le 4. Minor components in sphalerite and galena from the calcite- nickel-cobalt-arsenide - native silver veins. The 
quantities, which are given as per cents, have been estimated visually; the factor of uncertainty is 2--3. After I. Oftedal (47). 
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by higher. The older sphalerite has been produced under higher 
temperature and has absorbed some CuFeS2 in solid solution, 
wheras the younger sphalerite has been produced at lower tem­
peratuf'e and has only been able to absorb inconsiderable quanti­
ties of CuFeS 2 , and thus no unmixing processes take place under 
decreasing temperature. 

Whether the percentage of iron is dependent on the tem­
perature of forma ti on (and consequently of the age) or not 
cannot be definitely statecl, but various observaNons have already 
caused me to believe that the dark sphalerite must be the older 
one, a supposition which is very well supported by the spectro­
graphica1l examinations made by l. Oftedal, which shows that 
the percentage of iron and that of copper vary proportionaHy. 
(Tab. 4.) Accordingly the percentage of iron must be highest 
in the older sphalerite. 

Chalcopyrite. 

Chalcopyrite occur in two generations, one older which is 
paragenetically connected with the older sphalerite, and one 
younger which is paragenetically connected with pyrrhotite and 
the arsenides of Ni and Co. 

Part of the avai1Jable copper (and iron) was when sphalerite 
was formed absorbed by this latter mineral in solid solution, 
and later under decreasing temperature separated by unmixing 
as the well-known interpositions of chalcopyrite in sphalerite. 
But part of it at the same time crystaHized as pure chalcopyrite. 
It cannot be mkroscopicaHy distinguished from the younger 
chalcopyrite except on the background of its relations to other 
m inerals. 

That we are here dealing with a younger generation is 
distinctly conceived, however, from the fact that ohakopyrite 
will over and again appear together with calcite, pyrrhotite, 
Ni-Co-arseni,des and to some extent also with pyrite as younger 
veins in si Iver. (Pl. Il, Phot. 3.) Besides, we often find the 
mineral as thin crusts around native silver in the way which is 
chara·cteristic to rammelsbergite and chloantite. 

Most of the chalcopyrite which is found probably betong 
to the younger generation, but it goes without sayi,ng vhat usually 
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it is not possible to state whether a grain of chalcopyrite found 
in a polished specimen belongs to the older or the younger 
generation. 

As a rarity crystals of chalcopyrite are found in vugs. 
l'hese crystals are not suited for doser examination by means 
of the goniometer, but as far as may be gathered there appear 
in addition to common twins, also five-fold twins after ( 111) 
and repeated twins after (l 01). 

As is the case with sulphides in general, chalcopyrite occurs 
very rarely. (Fig. 8.) 

Tetrahedrite - Tennantite. 

This mineral must be said to be very rare. In t1he polished 
specimens which I have ,examined I have found it only once, and 
then in a specimen from the mine Kongens grube, 520 m level, 
where it was found together with chalcopyrite as a rest after 
replacement in silver. In some of the ores examined by J. Lietz 
( 35) it appears that tetrahedrite - tennantite has occurred some­
what more frequently. One of the statements of the above men­
tioned author runs as follows: "Meistens tritt es ( tetrahedrite­
tennantite) in kleinen Kornern oder Verdrangungsformen aut, 
die fast immer in Beziehung zum Kupferkies stehen", thus 
evidently in the same way as in the spedmen examined by me. 
This indicates that tetrahedrite- tennantite must be supposed 
to have been formecl contemporaneously with the older chalco­
pyrite, and it must thus be conceived as a not frequently appearing 
member of the calcite- barite- sphalerite- chalcopyrite- galena­
marcasite - (pyrite) paragenesis. (This pa per, p. 118.) 

We know some very few crystals of tetrahedrite- tennan­
tite. An x-ray spectrogram of one of these shows Cu as a main 
component, and in addition strong lines of Zn and Fe, the u­

lines of these elements being almost equal. Ag-lines did not 
occur, having, as will be remembered, a very unfavourable place 
in the spectrum. The lines of As and Sb are about equally 
strong (vacuum spectrograph). The spectrogram does not allow 
of any conclusions as to the respective proportional quantities 
of As and Sb, but it does incHcate that both elements are present. 
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In the collections of the University of Oslo there is a crystal 
of chalcopyrite covered by a coating of tetrahedrite - tennan­
tite. Such relations between these two minerals are well-known 
from other occurrences, and is due to the near relationship be­
tween the atomic structure of the minerals. 

Niccolite. 

Niccolite is comparatively common in the veins. As an 
illustration it might be stated that niccolite is found in approxim­
ately every 7th polished specimen. But it is always found in 
very small quantities. 

The diagnosis does not cause a ny difficulties; a red colour 
of the mineral and its distinct pleochroism and anisotropism 
announce its presence. 

The most usual mode of appearance of niccolite is in small 
lumps in the Ni-Co-diarsenide-crusts round native silver (p. 74). 
These small lumps are probably replacement remnants. But it 
is also possible that niccolite has been formecl contemporaneously 
with the other arsenides and in smaller quantities than these. I 
have never found structural features from which might be drawn 
consistent condusions on this point. 

That niccolite is younger than native silver is gathered from 
the fact that it is found in veins, and also in quite small veins 
which shoot into or run through native silver. These veins 
contain the following minerals: calcite, chalcopyrite, pyrrhotite, 
Ni-Co-diarsenides, and niccolite (Pl. Il, Phot. 3, Phot. 4). 

In one single polished specimen only I have found niccolite 
as an independently occurring crystal, about 0.5 mm across. Thi~ 

crystal was surrounded by a coating of chloantite, the thick­
ness of which was about 0.005 mm. This coating must without 
douht have been made by replacement of niccolite by chloantite. 

In another specimen niccolite, rammelsbergite and chloantite 
occur together. Here niccolite is found as small portions within 
the aggregate of arsenides, and it seems to be beyond doubt that 
this mineral is the oldest one, the two others having been formed 
by replacement of niccolite. 

Thus while a series of indications are found to the effect 
of niccolite being the oldest one of the arsenides, I have never 
found any indications of its not being so. 
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Pyrrhotite. 

Microscopical examinations have shown that pyrrhotite is 
a more frequently occurring mineral than has been earlier be­
lieved. (Fig. 8.) Among the sul phi des, pyrite and probably also 
sphalerite are more common, whereas chalcopyrite and galena 
present themselves in smaHer quantities. 

Often pyrrhotite appears as a coating around native silver 
in the same way as do the arsenides of Ni and Co. Pyn,hotite 
shows replacement structures in connection with native silver, and 
is without doubt younger. (Pl. IV, Phot. 7.) 

Pyrrhotite is aiso found together with the oldest mlinerals 
e. g. axinite. Thus it is found in the specimen containing 
armenite from the mine Armen. Therefore we have to reckon 
with an older generation which, however, occurs comparatively 
sel dom. 

Pl. I, Phot. 2 shows how pyrrhot1te and native silver cutting 
through older sphalerite with interpos,itions of chalcopyrite. 
Pyrrhotite is thus paragenetical with silver and slightly young,er. 

Polished specimens often show that pyrrhotite along its 
border to the surrounding minerals has a seam of a distinct shade 
of colour which is somewhat browner than the colour of the 
contiguous portions. 

In vugs it is not uncommon to tind beautiful and well 
developed crystals. G. v. Rath in 1869 (56, p. 441) writes en­
thusiastically of a magnificient gangue specimen containing cry­
stals of an outstandingly beautiful appearance - ''Aufgewach­
sene Krystalle, dicke Tafeln begrenzt von der Basis und einem 
neuen, unbestimmten, sehr spitzen Dihexaeder, dessen Seiten­

kanten etwa l 60° messen". Kenngott (30) describes crystals 
limited by (000 l, (l Ol 0), and (l O l l), and with Sp. G. = 4.584. 
The crystals occur together wåth native silver, fluorite, and cal-

cite. A. Streng (67) describes a crystal occurring together with 
native silver and calcite and limited by (l OI 0), (000 l), and 
(2243). Streng uses Seligmann's axial ratio of l : 1.6502. 

X-ray spectrograms of pyrrhotite from the mine Kongens 
grube show no other elements than iron. 
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Minerals of the Sternbergite Group. 
These minerals must be very rare at Kongsberg. In one 

single mineral only I have found a mineral which as to colour, 
pleochroism, and anisotropism was similar to pyrrhotite, butwhich 
was less hard than native silver and chalcopyr~ite. The colour 
was perhaps a little darker than that of pyrrhotite. This cannot 
be but a mineral of the sternbergite group. No conclusions can 
be made as to the paragenetic relation of the mineral. 

Mineral b. 
From the mine Kongens grube and the mine Uottes Hlilfe 

in der Noth, 650-700 met,er l~evel, J. Lietz (35, p. 74) describes 
a mineral with the following qualities: 

It polisrhes approximately as well as does chalcopyrite. 
It is just a little harder than chalcopyrite. 
As to colour and refraction, it is almost similar to pyrrhotite. 

The colour of this mineral though, is a little more brownish than 
the more reddish one of pyrrhotite. 

Pleoohroism and anisotropism could not be found. The 
mineral :is not :corroded by nitric add in the course of 5 seconds. 

The mineral appears as very small grains, usually together 
with chalcopyrite. A spectrogram of a substance which could 
not be made quite free of chalcopyrite, native silver and Ni-Co­
arsenides, showed: 

Fe very distinct lines. 
Ag distinct lines. 
Ni weak lines. 
Cu weak lines. 
The necessary quantity of substance for a chemical analysis 

was not available to J. L:ietz, who for vhe present appHed to 
this mi:neral the denomination: Mineral b. 

During my work I have not found this mineral at all. 

Galena. 
Galena is rather rare, and I ;have not often found it in the 

polished speoimens. 
The age of the mineral I have not been able to determine 

with any degree of reliability, but it occurs in the same way as 
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the older chalcopyrite, and is probably produced contemporane­
ously with this latter mineral. Younger galena of the same age 
as younger sphalerite is to all :probability also found. 

Galena is usuaHy not very well crystaHized. From the 
collections of Kongsber1g Silver Works is known a speoimen t'he 
crystals of which have a size of one centimeter and are inter­
grown with native silver. The crystals are heavily corroded and 
their form is almost globular. 

I. Oftedal has examined galena from Kongsberg spectro­
graphically. The results of his examinations are given in 
Table 4, p. 59. Personally I have taken two x-ray spectro­
grams of galena. In one of them I found only the lines of lead, 
in the other also weak ~lines of zink and oopper, these elements 
probably of'iginating from interpositions of sphalerite and chalco­
pyrite. 

Stephanite. 

Stephanite must be counted a rarity, and it appears in sti'll 
much smaller quantities than pyrargyrite - proustite. 

In a polished speoimen from Gottes Hiilfe in der NotJh, 
624 m ~leve!, stephanite may be seen together with ruby silver 
i~n native silver. Stephanite surrounds pyrargyrite (Pl. IV, 
Phot. 8) and evidently must be looked upon as a reaction rim by 
replacement of silver by pyrargyrite. Thri~s process must have 
taken place acoording to these formulae: 

SAg + SbH + 4S2
- = Ag5SbS4 + 5 E 

3Ag5SbS4 -+ 2SbH + 3S2
- = 5Ag 3SbS 3 

Besides being an oxydation the process also represents a 
,deposition of antimony and sul1phur. 

Tihe material of observation 'is, however, so limited that we 
cannot disregard the possibHity of the process having taken 
pla~ce in a1 way directly opposite to this, nativ~e silver having then 
replaced pyrargyrite during the formation of a reaction rim of 
stephanite. 

In the mine Haus Sachsen, stephanite is known from about 
a 450 m leve!. 

In Christian VII, one of the mines near Helgevann, I have 
found stephanite in a polished specimen from the 150 m leve!, 

Norges Geo!. Unders. No. 162. 5 
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Fig. 17. Stephanite from the mine Gottes Hiilfe in der Noth, ca. 400 m leve! 
After Carl Morton (40). 

stephanite having replaced native silver in a coating of chloantite. 
A nu deus of silver 'ls still lett (Pl. V, Phot. 9). Here we have, 
however, to reckon with the possibility of stephanite being a 
supergene product. In the ores from this locality pyrargyrite­
proustite is known as secondary minerals. In addition to thes~e 

localities, stepehanite also occurs in small quantities in the ores 
from Mildigkeit Gottes, 124 m level. 

In the microscope stephanite is grey with a touoh of roseate. 
The hardness is much less than that of silver, but greater than 
that of argentite. The mineral polishes well and is markedly 
anisotropic, brownish and bluish-green shades of colour in the 
diagonal positions. The mineral differs from the rest of the 
sulphosalts of silver in so far as it does not exhibit internal 
reflection. 

Ths. MUnster ( 44) has found small crystals of stephanite 
in a vug in the socalled "north vein" (nord gangen) in Gottes 
Hiilfe in der Noth, about 400 m level. He holds that stephanite 
is one of the youngest minerals, formed at the same period as 
laumontite ( ?) . O ne of these crystals has been examined by 
C. Morton ( 40) who irdentifies the faces c (001), o ( 11 O), 
a ( 1 00) , b (O l O) , P ( l l 1 ) , r ( 2 2 l ), h ( l l 2 ) , w ( 1 3 1 ) , v ( 1 3 2 ) , 
f (133), {} (152), c (2.22.7), j3 (101), e (041), d (021), k (011), 
t (023), /1 2Æ (203), f-J 1J2 (102), n~ (156), a (258). The faces 
which are underlined \Vere for the first time observed on this 
crystal. Morton's illustrations are here given as Fig. 17 and 
Fig. 18. 



--67-

Fig. 18. Idealized drawing of stepha­
nite, the same crystal as flg. 17. After 

Carl Morton (40). 

Polybasite (-Pearceite ). 

This mineral is as far as can be gathered exceptionally 

rare. However, it is possible that it may in reality be somewhat 

more common than what is my conception of the matter, con­

si~der,ing the fact that we cannot disregard the possibility of 

mistaking this mineral for argentite as well as pyrargyrite- prou­

stite, Which latter minerals, however, usually differ muoh from 

polybasite by exhibiting far more distinct internal reflections. 
In the few cases where I have regarded the diagnosis to b.: 

quite unmistakeable, polybasite has occurred in columnar forms 

together with a sulphide which in turn must have been a remnant 
of replacement in native silver. This mode of appearance has 
earl i er be en described by J. Lietz ( 35) and I reprint here two 
of his illustrations as Fig. 19 and Fig. 20. Evidently these 
structures cannot be interpreted in any other way than by sup­
posing that polybasite is older than native silver and paragenetic 
with the o],der sulphides. 

It should be very natura] to suppose that all the occurring 
sulphosalts, when primarily produced, should belong to the same 
part of the mineral deposition, and this taken for granted, the 
mode of appearance of the polybasite indicates that pyrargyrite, 
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Fig. 19. Fig. 20. 

Fig. 19 and 20. pol. = polybasite. b = mineral b. cp = chalcopyrite. arg = 
argentite. ag = silver. Gottes Hiilfe in der Noth, 690 m level. 

After J. Lietz (35). 

stephanite, and polybasite belong to the same paragenesis as the 
ol:der suphides, sphal~erite, chakopyr,ite, galena, and argentite. 
However, the spedal way ~in which polybasite occurs makes this 
oonclusion somewhat doubtful, and I am more inclined to believe 
that polybasite and the two other sulphosalts must have been 
produced in quite different ways and to diffe1,ent periods, poly­
basi~e having been crystallized from the ore-forming fluid with 
a crystal form of its own, contemporaneously wi~h or slightly 
earlier than the older sulphides, whereas pyrargyrite and stepha­
nite have been produced by replacement of native silver in the 
way described when dealing with these latter minerals. 

Pyrargyrite - Proustite. 

These minerals occur in comparatively moderate quantities 
and are to all probability rarer than e. g. arsenides of Ni and 
Co (Fig. 8). W~ith the exception of some few localities at small 
depth, pyrargite- proustite may almost be said to be a rarity. It 
is, however, certain that it occurs as a primaTy m~neral. We find 
occurrences of it e. g. in the mine Gottes Hiilfe in der Noth at 
such a large depth as 608 m leve!. Here the mineral is found 
in silver dose to the rim of the silver grains. The genetical 



Fig. 21. A crystal of calcite pig­
mentated with pyrargyrite in a zone 

paralell to the base. 
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conditions cannot be stated with certa,inty, but probably it has 
replaced native silver. The contrary process is, however, also 
possible. If so, the ruby silver must be conceived as representing 
replacement remnants in nat,ive silver. There seems to be certain 
relations between pyrargyrite- proustite and the arsenides of 
Ni and Co. 

The predominant portion of ruby silver ore which is found 
has ben precipitated at smaller depths. Thus e. g. the ore of 
the mine Mildigkeit Gottes, 124 m l~evel, is unusually rich in these 
sulphosalts. They are also found in the mine Brattesk}erpet, at 
about a l 00 m leve l. The se ores probably represent an incompletely 
developed zone of cementation. (For a closer discussion see this 
pa per p. 30-31.) In Pl. V, Phot. l O it is seen how the younger 
pyrargyrite - proustite has replaced calcite and native silver, but 
not chloantite. Sometimes pyrargyrite - proustite is seen to have 

· replaced native silver along the borders of the grains making 
a coating around this mineral, this coating being from the point 
of view of structure completely identical with the usual coatings 
of Ni-Co-arsenides. 

It is well known that it is very difficult to tell pyrargyrite 
and proustite from each other in the microscope. In order to 
decide which of these minerals is the most commonly occurring, 
I have taken some random samples and made microchemical tests 
after M. N. Short (66). The ruby silvers which I tested, turned 
out to be pyrargyrite. 

In the col'lections of the Institute of Technology in Trond­
heim is a crystal of calcite l:imited by hexagonal prisma and base. 
It is pigmentated with pyrargyrite in a small portion paraBel to 
the base. (Fig. 21.) Pyrargyri~te has evident! y been precipitated 
from the solution contemporary with the host mineral and has 
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Fig. 22. Proustite with hairs and thin threads of native silver. 
After J. H. L. Vogt (78). 

then pigmented the faces of the calcite during the growth of the 
latter. Al,so many harmotomes from Kongsberg have been 
coloured red by a pigment, which probably, as in the above 
mentioned example, is ruby silver. The pigmentated minerals 
here mentioned are perhaps supergene products. 

J. H. L. Vogt ( 78) gives a picture of crystals of proustite 
(Fig. 22) on which have grown threads of native si Iver. The 
crystals of proustite are limited by "ein spitzes und ein stumpfes 
Skalenoeder nebst Sau le". 

Pyrite. 

Pyrite is the most frequently occurring sulphide of the veins. 
It is usually developed in crystals wi~h pyritohedron or cube as 
surrounding faces. According to Durocher ( 16) pyrite has also 
been found surrounded by icosahedron. 

Pyrite has to all probability been precipitated during the 
whole process of formation of the veins. It is known as one of 
the oldest minerals precipHated directly on the wall of the vein, 
and also in some places the rock close to the vein is impregnated 
with pyrite, a mode of appearance which may be seen in somc 
places in the mines Bratteskjærpet and Mildigkeit Gottes. On 
the oher hand pyrite is known as a very young mineral, found 
e. g. together with argentite and portions of the youngest quartz 
in the cavities between laths of argentite. 
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On page 94 has been described a paragenesis: axinite, epi­
dote, pycite. I have made an x-ray spectrogram of a pyrite from 
this paragenesis without finding any other element than iron. 

Pyrite that probably has been derived from marcasite is 
described on page 72. 

Pyrite is sometimes found replaced by calcite, native silver, 
and argentite. As a rule, however, pyrite is very little corroded, 
and this agrees very well with the theory that the mineral, as has 
been mentioned, has probably been precipitated during the whole 
mineralizing period. 

Marcasite. 

Marcasite is a rather rare mineral in these veins. In the 
collections of the University of Oslo, at BHndern, is found 
a specimen in which marcasite ocours together with pyrite in 
twins after ( 11 O). Fig. 23. 

In the reflection microscope this marcasite shows a high 
anisotropism and no indication of metamorphosis. It is not 
stated exactly where this specimen has been found. We cannot 
disregard the possibility of its being a supergene formation. 

In the mine Haus Sachsen, 480 m Ievel, and in the mine 
Kongens grube, 520 m leve!, has been found marcasite which 
has been replaced by native silver, thus producing a characteri'st'ic 
graphic structure. (PI. VI, Phot. 11, Phot. 12.) Thi's marcasHe 
shows anisotropism in one of the examined grains only. In this 
grain a twin bordering occurs, bringing the anisotropism into 
relief. The fact that anisotropism is seldom found thus might 
indicate rhat marcasite has to a great extent been changed into 
pyrite. Wheæ metamorphosed marcasite and primary pyrite 
occur together in the perspective, pyrite is distinguished by a 
distinct green colour ( s~ide by side with native si Iver), whereas 
marcasite is grey with a touch of bluish~green. 

Its hardness is greater than flhat of pyrrhotite. 
In order to arrive at the greatest possible reliability it was 

desireable to have an optical spectrogram as well as a Oebye­
Scherrer -di a gr am. 

Dr. I. Oftedal had the kindness of examining the marcasite­
native silver - symplectite spectrographicaHy, and found that it 
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Fig. 23. Part of a twin of marcasite. 
Tw. pl. (110) Striation edge (001 )-(011) 
due to oscillatory combination of the 

two forms. 

contained large percentages of Ag and Fe, rather little Cu, Ca, Pb, 
and Cr(?), and no As or Sb at all. 

Mr. H. Major showed me the kindness of taking two Debye­
Scherrer-diagrams, the one of symplectite in which marcasite 
showed an:isotropism, and another in which it di,d not. 

It is not possible by means of the diagrams to identify even 
the sligrhtest indications of marcasite in any of the specimens, 
whereas the lines of pyrite are quite distinct. The change into 
pyrite must thus be rather far advanced, however, not so far as to 
make the anisotropism indisNnct. Bearing in mind that in a 
Debye-Scherrer-diagram the lines of orthorombic minerals will 
be by far much weaker than those of isometric ones, I do not 
find it improbable that a mixture of e. g. 4 parts pyrite to l part 
marcasHe would give no lines of marcasite at all. 

Pyrite can scarcely originate from any other mineral than 
marcasite. The spectrograrm indicates t~he presence of (Ag), Fe 
(and S), and the only miner als to be taken in to consideration 
are then marcasite and pyrite, not taking into account stern­
bergit'e, argyropyrite, argentopynite, and friseite. If the rather 
great anitropism was due to the presence of these latter minerals, 
these same minerals woul'd have indicated their presence also 
by their brown colour and their minimal hardness. 

T 1he graphic structure must have been produced by replace­
ment, as marcasite does not incorporate silver in its crystalline 
structure, and thus cannot have been formed by the unmixing of a 
solid solution. In perfect accordance with this it is found that 
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the symplectite either is completely bedded in silver, or half of 
its circumference or more borders on silver, which will shoot long 
stolons into the marcasite. The percentage of silver seen in 
relation to that of marcasite being higher near the borders of the 
symplectite than nearer to the centre, this interpretation seems 
to be qu:ite consistent. 

Marcasite must be older than the silver by which it is replaced. 
It is also seen to be older than the pyrrhotite which is found as 
a seam on the border of marcasite and is sometimes seen to shoot 
into it. Whether marcasite ·is younger or older than the oldest 
sulphides is not known with certainty, but there seems to be some 
probability of its bein:g younger. 

As far as I have been able to find out, Kongsberg is the 
only locality at which marcasite undisputedly occurs as an older 
mineral in a hydrothermal vein, an obs,ervation which is quite 
inconsistent with the experimental data (l), which imply that 
marcasite is deposited from acid solutions at temperatures lower 
than about 400°. The experimental conclusions also imply that 
the higher the temperature, the higher must be the percentage of 
acid in trhe solutions in order to start the process of depositing 
marcasite. Only at ordinary temperature marcasite is produced 
from neutral solutions. 

The solutions which have deposited marcasite in the veins 
under (Nscussion have without doubt been alkahne, having been 
in equilibrium with calcite and various silicates in the veins and 
in the wall rocks. The temperature of formation cannot possibly 
have been lower than 200° C (this paper p. 33); to all probability 
the temperaure of formation is found somewhere around 300° C. 

Arsenopyrite. 

Brlinnioh ( 5) mentiones arsenopyrite from the pro spe et 
hoies at Jonsknuten. Andresen (2) describes it from the mines 
at Sydvinoren and Rørdam remarks that it has be·en found in 
caldte veins in Ramvig's mine. In recent times neither I nor 
any one else has found this mineral and it is very probable that 
in the cases in which it is said to have been found, arsenides of 
Ni and Co (and Fe) have erroneously been taken to be arseno­
pyrite. 
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Diarsenides of Ni and Co, Rammelsbergite - Safflorite 
and Chloantite - Smaltite. 1 

These minerals are very common in the veins, so common 
that only exceptionally a pohSJhed specimen of silver ore is made, 
in which these minerals are lacking. Still they occur only in 
small quantities (Fig. 8, p. 36), a fact which is due to the special 
mode of appearance of these minerals, as thin coatings around 
native silver. What I have here stated with regard to the 
frequency of occurrence is based on observations from those 
mines which are at present worked. According to R. Støren (70) 
the ore from the mine Samuel, where mining is now abandoned, 
should have contained no Co and Ni. 

The diagnosis is based on the white colour of the minerals 
and on their hardness, which takes a middJ,e position between 
the hardness of native S'ilver and sphalerite on one side and that 
of pyrrhotite on the other. The fact that pyrrhotite is harder 
straightaway excludes the possibility of these minerals being 
either arseno-pyrite or cobaltite. Further the diagnosis is con­
firmed by a series of microohemical tests showing that the 
minerals consi~st of Ni, Co, Fe, and As. The fact that As is 
a main component puts out of the question the possibility of our 
having to deal with minerals of the linneite group, a possibility 
which is also weakened by the paragenehc conditions. 

As to the relative hardnesses of the arsenides, these are not 
found to be in agreement with what has been arrivecl at by 
Schneiderhohn -- Ramdohr, in so far as in the specimen which 
was mentioned during the discussion of niccolite, in which all 
three arsenides were found together, chloantite- smaltite is 
found to be the hardest one, whereas niccolite and rammels­
bergite- safflorite are between them approximately equally hard, 
niccolite probably just a little harder than rammelsbergite -
safflor,ite. 

All determinations with regard to the percentage of Ni and 
Co have been made from 13 specimens of silver or silver ore. 

1 In this chapter only these minerals have been called rammelsbergite • 
safflorite and chloantite · smaltite. Everywhere else they have been 
shortly denominated rammelsbergite and chloantite. 
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The determinations have been made by R. Støren, Holwech and 

E. Jensen. Ni and Co originating from Ni-Co-arsenides, the 

determinations will offer direct knowledg'e of the quantitative 

relations of Ni and Co in these minerals. The foHowing mol·e­

cular relations of Ni/Co have been found (where traces of Ni 

have been found, is given < l) : 0.5, < l, < l, O.l, < l, 1.4, 
0.6, 1.0, 0.8, 0.6, 0.9, 1.0. It appears that the proportions vary 
very much, but as a rule Co is present in larger quantities than 
is Ni. 

In those cases where As has also been cletermined, the 

percentage is lower than demanded by the formulae of the 

Ni-Co-diarsenides. Instead of the value x = 2 in the formula 

(Ni, Co) Asx, the va·lue of x is in these cases found to be about l. 

This should rather indicate a mineral of the arsenopyrite group. 

This is on the other hand in di·sagreement with the above 

mentioned observations made with the reflecti·on microscope. 

On account of the observed defkiency of As it must be 

admitted that the diagnosis cannot be considered quite reliable, 

nor can it become so until we succeed in finding a specimen 

of the pure mineral for chemial analysis and for the production 

of Debye-Scherrer-diagram. I have not succeeded in picking out 

such a specimen, the mineral being found, as already mentioned, 

only as an extremely thin coating around native silver. 

On account of the inconsiderable thickness of the coat·ing 

of arsenide it is very difficult to observe whether the mineral 
is isotropic or anisotropic. In all probability it is as a rule iso­
tropic, which implies that we have to deal with a mineral of 
the chloantite-smaltite series, a smaltite rich in Ni. However, 
I have also aften observed distinct anisotropism, indicating the 
presence of safflorite. In each separate case it may be impossib:e 
to decide whether the mineral in question is chloantite-smaltite 
or rammelsbergite-safflorite. 

As repeatedly mentioned these minerals appear as a thin 
coating round native silver. This coating usually is between 
0.001 mm and 0.01 mm thick, but it may be thicker as well as 
rhinner. It may be contiguous, or it may only partly cover 
the portion of native silver in question. 
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The paragenetic position of the minerals has been dis­
cused on p. 117 ff, to which discusion I refer, as the space will 
not aHow any extensive further enlargement on that point Here 
I wiH just add a few concluding remarks. Not only Ni-Co­
arsenides appear as coatings on native silver. Chalcopyrite too, 
and still more pyrrhotite, both exhibit structures of that kind. 
The conditlions are best and easiest studied in the case of 
argentite. This mineral is found on native silver, as coatings 
which in the microscope give pictures of a striking similarity 
to those of the coaNngs of arsenides. There can be no doubt 
that this coating has been formed by a surface sulphuration of 
previously deposited silver. In ores from the zone of cementation 
pyrargyrite may also be seen as coatings round native silver. 
In the cases of the following four minerals, i. e. chalcopyrite, 
pyrrhotite, ar~gentite, and pyrargyr.ite, nobody will certainly make 
any reservations in interpreting the structures as younger coat:ings 
on silver. Nobody will in rhese cases venture to maintain that 
native silver should have replaced the zonar structured mineral 
from within, leaving a thin crust. llhe fact that this is done in 
the case of the arsenides ~is probably due to two causes. The 
first one is that the arsenides are uncommonly often of a zonar 
structure, the various zones showing in fact a very varying 
resistiveness to chemical corrosion. The other reason is to be 
found in the experiments of Palmer and Bastin from 1913 and 
later ( 49, 50, 51) showing tha1t the arsenides of Ni and Co will 
precipitate naNve silver from solutions containing silver ions. 
It was then close at hand to conclude, as was done by Bastin (3) 
in the case of Cobalt, that the intimate connectrion between ~the 
arsenides and native silver was to be explained by this process, 
arriving at the same t~ime at a cons:istent explanation of the 
precipitation of native silver, which cannot be easily explained 
as having been crystanized from a saturated solution in the usual 
way. This view of the matter has been inherited by several ore 
geologists. Bastin himself has later l~eft it, having been con­
v:inced by microscopical examinations that native silver must 
be older than ~the surrounding arsenides. 

How then are the -intimate relations between the arsenides 
and silver to be explained? What if the explanation is that 
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the chemical processes investigated by Palmer and Bastin are 
in real:ity chemkal equilibria, acording to which the equation 

2NiAs + 10Ag+ = 10Ag + 2Ni2+ + 2As3+ 

should in rea!ilty be written: 

2NiAs + 1 OAg+ ~ 1 OAg + 2Ni2+ + 2AsH 

in accordance with the well known equilibrium: 

Fe2+ + Aa+ ~ Aa + Fe:+ 
b ~ b ' 

and that this equilibr:ium under the conditions under which the 
experiments of Palmer and Bastin were made, was pushed to 
the right, whereas under the chemical and pihysi·cal conditions 
to whkh the ore-forming solutions were subjected dur·ing the 
formation of the arsenides, the equilibroium was pushed more 
to the lett, or rather: was pushed still more to the lett, thus 
causing the production of the Ni-Co-arsenides on the cost of 
silver, a process that might cause the formation of just such 
coatings as those with which we are dealing, and a process 
wh'ich is not unlike the process 

native silver -+ argentite. 
Fur·ther investigatoions into the particulars of this process 

must be of very great ·interest. 
In some few cases the ·ooating s:hows a more complicated 

structure than that which has here been described. From the 
mine Ohristian VII at Helgevannet I have seen a coating of 
a zonal structure, the inner portion of the coating consist,ing of 
cloantite - smaltite, the outer one of rammelsbergite - safflorite 
(Pl. VII, Phot 13). The larger part of the coating consists of 
cloantite-smahite. From the sa,me localHy are known double 
coatings separated by caJ.oite (Pl. VII, Phot. 14, Pl. VIII, Phot. 
15). This double coating must be supposed to have been for­
med by younger calcite having replaced a zone of the coating, 
rthat particular zone having not been in equilibrium with the 
solution. From this locality we have also beautiful specimens 
of the arsenides having by recrystallization got a separate crystal 
form towards the older silver (Pl. VIII, P hot. 15). If o ne by this 
is lead to believe the native silver to be younger than the arsenides, 
the macroscopic picture will soon lead one to the opposite con-
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dusion, showing that the silver has been developed as thready 
silver (part ly also in ,dendritk forms), and that these threads 
have a coating of arsenides. Further it will appear that on the 
threads of silver are found quite small crystals of Ni-Co-arse­
ni,des. On the whole the macroscopic picture will completely 
convince you that the silver cannot be the younger mineral. 

I should like to stress anew before leaving this point, that 

it must be borne in mind that these double coatings are pure 

ex,ceptions. As a rule we tind single coatings, the thickness 

of which varies from 0.01 mm to 0.001 mm, consisting of either 
chloantite - smaltite or rammelsbergite - safflorite, without these 

minerals showing any indications of a crystal form of their own. 
As mentioned during the discussion of niccolite, Ni-Co­

arsenides also occur together wHh calcite, pyrrhotite, and chako­

pyrite as separate veins or as small veins in native silver (Pl. IL 
Phot. 3, Phot. 4). This too, indicates that the arsenides have 
been deposited later than native silver. + 

Only seldom any of the arsenides are found as indepenåent 
minerals without any direct contact with silver. During the 
discussion of niccolite was ment,ioned a specimen from Bratte­

skjerpet, 150 m leve!, an independent portion of which consisted 
of all the three occurring arsenides. In addition, from the mine 

Christian VII at Helgevannet, 150 m level, is known another 

independently occurring, quite small individual of rammelsberg.ite 

- safflorite. 
As to the relative ages of the several arsenides, there are, 

as mentioned before, various indications to the effect of niccolite 

being the oldest one. As to the paragenetic relations of the two 

other arsenicles it is, however, difficult to arrive at any reliable 
conclusion.. The above mentioned zonal structured coating might 

indicate that rammelsbergite- safflorite is younger than chloan­

tite - smaltite, the former mineral making up the outer part of 
the coating. Whenever, as is very seldom, I have found the 
two arsenicles together, I have as a matter of fact usually been 

lead to think that they must have been formed contemporane­

ously, and it is only by chance that one or the other of these 

two minerals is formed. 
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Chlorargyrite. 

According to old reports this mineral is said to have been 
found in the open at some mines. Brlinnich ( 5) thus meritions 
that chlorargyrite was found together with native silver in the 
mine Haus Oldenburg. 

Fluorite. 

Fluorite is rather common and has been precipitated early 
in the period of mineralization as well as later (p. 117 ff.). 

FluoPite may occur with many different colours from intense 
dark-purple, even almost black, to light-violet and quite colour­
less. Sometimes, but very seldom, is found a beaut,ifully Iight­
roseate fluorite or also an azure one. The green fluorites from 
Kongsberg occur primarily in sulphide-bearing quartz - breccia 
veins, some of which carry a considerable amount of green­
coloured fluorite, whereas fluorite of this colour is seldom found 
in native silver - nickel-cobalt-arsenide veins. 

Often we find colourless crystals with violet portions, the 
latter being either comparatively irregularly limited or they are 
limited by faces, very often ( 111). The violet portions same­
times have the fo.rm of thin flakes, or they are streaky. They 
are certainly not zones of growth. 

The almost black, dark-violet fluofi!t,e is one of the oldest 
minerals and is found together with axinite and the oldest quartz, 
sometimes precipitated on the wall of the vein. The younger 
fluorite has weaker colours. Usually it is colourless and trans­
parent or white. 

From one of the mines at Helgevannet, Christian VII, is 
known filiform silver upon which are fixed cryS~tals of rammels­
bergite and small octahedrons of fluorite. N. Mei dell ( 38) de­
scribes fluorite surrounding si Iver. ( This might also have been 
a replacement phen omen on.) 

The usual crystal form is the octahedron. At ]east 90 c/c 

of the crystals found are limited by the octahedron, wh~ch 
usually appears alone or if other faces are exhibited they 
are usu all y very incompletely developed. Twins after ( 111) 
are not rare. Crystals of fluorite from Kongsberg are famous 
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for their perfect,ion and have earlier been described by several 
authors. Levy ( 34, Taf. 11, Fig. 14) has piotured white, trans­
parent crystals wi th violet spots. The se crystals wer·e taken from 
the mine Gottes Hlilfe in der Noth. They have ( 100) and (110) 
and subordinate (311), (221), and (421). Zittel (82) men­
tiones green, vioiet, and colourless crystals Iimit,ed by ( 111) 
with or without (110), also (111) with (221), and further (100) 
with (110), (100)with(111),and (100)with(211). G. Rose (58) 
mentiones the combination (111) (100) (311). Hessenberg (21a) 
describes: Transparent coloudess crystal ( 11 O) (l 00) ( 311) 
with subordinate ( 11.5.3) and ( 1 0.4.3), colourless ( 11 l) ( 100) 
( 311) ( 11 O), dark-violet with equal-sized (l 00) ( 11.5.3), bluish­
grey (100) (311) (110) respectively (311) (100) (110), paHid 
indigoNne (100) (110) (111), pallid blue (100) (111), pallid 
azure (110) (111) (100), (111) with indefinable (hhl), colour­
Iess (111) with (331) and a more plane (hhl), pallid green trans­
par,ent (100) (110) (311) (11.5.3). Personally I have deter­
mined: light-violet (111) (551), colourless (111) (100) (110), 
colourless (111) (311) (100). 

Quartz. 

Quartz has been precipitated at all times. It appears as 
the oldest mineral preoipitated directly on the wall of the vein, 
and also as one of the youngest as small transparent colourless 
crystals grown on other minerals. I have oHen seen that beautiful 
crystals in a vug have an inner coating of shiny black coal blend. 
The ·crystal has probably grown to a certain size, whereupon it 
has got a coating of coal blend and then it has again grown 
unUI it has rea·ohed its final size. 

In harmony with the fact that quartz has been precipitated 
during the whole paragenesis we seldom find i~t resorbed or 
replaced by other minerals. However, I have seen quartz re­
placed by native silver. Usually quartz has not itself ·either 

· replaced other miner als; it has been crystallized from the hot 
liquid solution, without other substances having at the same time 
been turned into solution. 

The crystals have usually grown on the fundament aft.er 
a plane which is almost vertical on the c-axis, the prism faces 
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being well developed and r...oface (l 011) predominating in reia ti on 
to z-faoes (0111 ). The s-face (1121) is rather common, whereas 
x (5161) is rare. 

C. Bugge ( 12, p. 114) has described "coating quartzes" 
composed of calcedon-quartz combinations, and mentionres that 
they are completely identical with the ones from Taunus descr,ibed 
by H. Sohneiderhahn (63). However, it is possible ,that these 
forms belong to the sulphide-bearing quartz - breccia veins. 

In thin sections we often find fine-grained quartzaggregates 
fiHing the intervals between older minerals. To all evidence 
they may have been produced by crystallization of a colloi,d. 

The very youngest form is quartz in fissures in all other 
minerals and in cavities of various kinds, but it might be 
questioned whether vhis quartz should be taken rto belong to 
the paragenesis. In the case of the implantød globules of quartz 
whi·ch are a curiosity somet1imes found on the wall of the mines, 

this can definitely not be done. 

Anatase. 

Anatase is known only from a single specimen, labelled 
"Kristians søndre stoll. 1856". Tog.ether with anatase are found 
well crystallized al bite and quartz and also chlorite (green ooze). 
Albitre and quartz are older than anatase, chlorite young.er. It 
appears from the label that anatase earlier erronously was taken 
to be titanite. 

Anatase occurs ,in unusually well dev·eloped crystals, up to 
Ilj2 millimeter in size. The crystals ar.e brown yellow and 
tnansparent. Its habit is best se en from the drawing (Fig. 24). 
Whereas anatase from other occurrences is usually acute-pyra­
midal with ( 111) as bearing, or obtuse pyramidal with ( 117) 
as bearing, or tabular with (001) as bearing, anatase from 
Kongsberg 'is obtuse pyramidal with ( 1 07) as bear·ing. This is, 
as far as I have been able to control, not the case with anatase 
from any other occurrence. 

The faces found have been developed in this way: ( 1 07) 
bearing, ( 115) well developed, (l 01) and ( 111) not well devel­
oped, (001) developed only on one side of the measured crystal, 

Norges Geo!. Unders. No. 162. 6 
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Fig. 24. Crystal of anatase. o (017), r (115), p (111), e (101), c (001). 

and this face is so small that in the drawing it must necessarily 
be too large. 

The axial ratio a : c was calculated from the angles (l 07): 
(l 07) and (O 17) : (O 17), these angles be ing best fitted for 
exact measurements. a :c was found = 1.7788, whereas in 
the literature is given= 1. 7771. The figure found by me is 
probably not reliable, being calculated from faces with high 
indices (l 07), whereas the axial ratio is in other cases probably 
calculated from ( 111). Experience shows that faces with high 
indices often have a defective structure. The measured angles 
do not always coinside with the ones found by theoretical calcul­
ations. Besides the crystal which in this case was measured is 
on the whole of a defective structure, the corresponding angles 
not being quite equal. 

The specific g'ravity was found 

Sp.G. = 3.884 ± 0.003. 

Calcite. 

In the veins under discussion, calcite is many times as com­
mon as an y other mineral (Fig. 7), and it has been precipitated 
from the beginning of the process of mineral production to the 
end of it. However, there must have been periods when calcite 
has not been in equilibrium with the ore-forming solutions, which 
may be gathered from the fact that we often tind that older 
calcite has been resorbed to such an extent that only a small 
irregular remnant is left. Not seldom younger calcite has grown 
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upon this remnant of resorption and then with the same crystallo­
graphical orientation. Also during the precipitation of native 
silver, calcite has been resorbed and it is not seldom seen replaced 
by native silver. Later, however, the converse process has taken 
place, calcite having replaced native silver. On polished sped­
mens may be seen how calcite has almost complet~ely replaced 
the native silver within coatings of Ni-Co-arsenides, whereas the 
arsenides themselves have remained intact. Part of the silver 
has in this way again been turned into solution and has later 
been redeposited. At Kongsberg this process has not been very 
important. In the case of other silver deposits on the contrary, 
larg~e parts of the precipitated silver has probably been dissolved 
and then redeposited, and thus this process has been of great 
importance in giving the ores their final structuæ. This has 
been more thoroughly dealt with on p. 127, see also the general 
map of paragenesi's, p. 126. 

E. Jensen (27) has made qualitative and quantitative 
chemical analyses of calcite from various veins in the Kongsberg 
formation and found that ~the percentage of iron is always low. 
Even iron-free calcite is found. However, some Mn is always 
present, the quantities E. Jensen found to vary from 0.42 % 
to 1.15 %, cakulated as MnC03 • Y~et the calci<te is quite 
colourless and transparent. 

By decomposing calcite in acids he was usually able to 
prove the presence of CI- -and SO/- - ions and he hol ds 
the opinion, which is probably true, that these are ~due to sub­
microscopical inclusions of the mother solution. 

Personally I have with an X-~ray vacuum spectrograph 
taken spectrograms of some specimens of cakite, and found 
Ca-lines, the lines of Fe and Mn. The relative intensities of the 
Fe- and Mn rl-lines vary, but it may be said that on an average 
they are equally strong. 

Uncommonly bright and pure cleavage sections of calcite 
( "Iceland spar") from the mine Mildigkeit O ottes, 124 m leve!, 
were decomposed in HCI and precipitated by NH:> and (NHJ 2'S. 
I made an x-ray-spectrogram of the ignited precipitate, which 
made up 0.44 % of the weighed quantity of calcite. This spect:ro­
gram showed heavy lines of Ca ( occludated), Fe, and some-
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what weaker lines of Mn, and in addition weak lines of Y, Od 
and Er, and as far as ·couki be gathered also a very weak 
line of Dy. 

The crystals of calcite show a multiplicity of forms. Th. 
Munster ( 44) in 1883 had the luck of finding an extraordinary 
fine material for the study of the crystals of calcite. The find 
was made in \Cugs in the mine Gottes Hlilfe in der Noth, about 
400 m Ievel. This material enabled him to investigate how the 
habitus of the crystals were dependent on their age, and as a 
result of his examinations he divided cakite into 4 generations. 
The following faces are espeoially characteristic to these four 
types of crystals of calcite: 

Calcite I (l O l l) as the on ly faces. 
Calcite li (l O l l) mat, (000 l) shiny. 
Calcite Ill (2131), (2134), (8.8.16.3), (0221). 
Calcite IV (lOT O), (01 l2). 
Calcite I is the oldest ane, calcite IV the youngest. 
C. Modon ( 41) has .measured a couple of crystals of calcite 

from Kongsberg. I reprint his illustrations as Fig. 25 and Fig. 26. 
F. Sansoni (62) has found the following combinations of 

faces: (lOIO), (Oll2); (lOIO), (Oll2), (0001); (lOIO), (0112), 
(4481), (4041), (4371), (0221); (21Jl); (9.5.14.4), (9.8.17.1), 
(lOlO), (tOll), (53S2), (7.4.11.3). According to this author 
the lack of negative scalenohedrons should be characteristic to 
calcite from Kongsberg. 

A speoial variety of calcite has at Kongsberg been called 
''slat•e-spar" ("skiferspat"). This consists of crystals of ca leite, 
the base of which has been extremely developed making it 
measure e. g. l dm2 whereas the hexagonal prisma is only 
l or 2 millimeters thick. The development may be still more 
extæme than this. The slates may either be paraHel, otten with 
quartz in between, or they may be arranged crossing and re­
crossing each other making large cavities in the mineral aggre­
gate. On the slates of slate-spar it is very common to find small 
shiny transparent crystals of quartz or small crystals of pyrite. 

Usually the slates are stiff and inflexible, but they also 
occur undulating, aften in several directions. The slat·es are 
then very thin, like thin paper. This undulating is scarcely due 
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Fig. 25. Fig. 26. 

Fig. 25 and 26. Crystals of calcite. After C. Morton (41). 

to tectonical influence but rather produced during the growth of 
the slates. These forms may be denominated the variety argen­
tine. They appear very ,commonly in the mine Bratteskjerpet. 

Siate-spar is one of the younger minerals of the paragenesis 
and it is often found together with zeolites. Now and ~hen slate­
spar occurs in special veins (probably representing younger 
fissures, which did not exist when the older minerals were pre­
cipiated). Chr. A. Miinster ( 43, p. 64) believes a special vein­
formation, slate-spar veins, to be younger than the silver-bearing 
ve~ns. He maintains that the slate-spar veins never carry silver, 
which is ve,ry well in keeping with the theory that slate-spar is a 
younger mineral than native SJilver. 

However, in agreement with C. Bugge ( 12) I cannot find 
any reason for regarding the slate-spar veins as a separate vein­
formation. I am of the opinion that slate-spar is a member of 
the main paragenesis as a calcite-variety pr,ecipHated from the 
same solutions as the other minerals of this paragenesis. 

As a rarity slate-spar is also found in the sulphide-bearing 
quartz - breccia veins. Sometimes it has been replaced by quartz. 
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Bari te. 

A superficial examinaNon of a barite-bearing vein will 
easily lead to the condusion that the vein does not carry barite 
at all, this mineral being easily mistaken for calcite. Because 
of this fact barite has been found to be somewhat more common 
than eadier supposed. As mentioned the peculiarity attached 
to the mode of appearance of bar·ite is that this mineral has 
been especially enriched in some veins, in which it may be the 
dominating mineral, whereas in other veins it either appears very 
sparely, or :is completely lacking. 

Barite usually appears with an independent crystal form 
against caloite, and where it occurs together with native silver, 
harite is always the older mineral. Barite is one of the very 
oldest minerals in the calcite - barite - fluorite - sulphide - native 
silver- Ni-Co-arsenide parag·enesis. In harmony with this 
order of deposition C. Bugge ( 12) has found that veins rich in 
barite are otten crossed by younger calcite veins witthout barite. 

In a vein in the mine Bratteskjerpet we tind bari-te that is 
coloured red by a pigment. The colour is about the same as 
that of the red-·coloured harmotomes, and the pi~ment may well 
be pryrargyrHe. Otten barite is coloured greyish-black due to 
interpositions of coal blend or related substances. 

Crystals of barite are very rare. Ths. Mlinster found some 
in a vug in Gottes HliMe in der Noth, 312 m leve!, in the year 
1882 or 1883. In addition crystals of barite are known from 
Gottes Hlilfe in der Noth, 168 m level, and about 90 m leve!. 
The crystals have later been examined by Th. Vogt (79), who 
has identified the following faces: c (001), b (010), a (100), 
[3 (310), m (110), n (210), x (130), o (011), *w (2.0.13), 
w (106), l (104), g (103), *x(5.0.13), d (102), u (101), z 
(111 ), R? (223), r (112), f (113), q (114), v (115), P (116), 
y (112). 

The crystals he classihes according to their habitus in the 
following types: 

Type l. Gottes Hlilfe in der Noth, 312 m leve!. Fig. 27. 
Faces: m. d. z. o. b. c. a. r. f. [3. n. x. 

Type I I. Gottes H li l fe in der Noth, 312 m leve l. Fig. 28 
Faces: z. m. d. c. b. 
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Fig. 27. 

Fig. 27. Crystal of barite. 
After Th. Vogt (79). 

Fig. 28. Crystal of barite. 
After Th. Vogt (79). 

Fig. 29. Crystal of barite. 
After Th. Vogt (79). 

Fig. 30. Crystal of barite. 
After Th. Vogt (79). 

Type L 

Type Il. 

Type Ill. 

Type IV. 

Fig. 30. 
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Fig. 28. 
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Fig. 29. 



-88-

Type Ill. Gottes Hiilfe in der Noth, 312 m leve!. Fig. 29. 
Faces: m. c. z. o. d. u. a. b. l. 

Type IV. Gottes Hiilfe ~in der Noth, 312m leve!. Fig. 30. 
Faces: o. d. c. b. u. m. a. g. l. w. z. x. u. r. v. f. q. P. w. x. 

Type V. Gottes Hulf,e in der Noth, 168 m leve!. Tabular 
after base. Faces: c. d. o. m. u. l. a. b. z. r. q? g. 

Type VI. Gottes Hiilfe in der Noth, about 90 m level. Thick 
tabular after base to somewhat prismatic after b-axis. Dominant 
faces c. and d. Faces: c. d. o. m. u. l. z. y. a. b. 

Erythrite. 

Erythrite has be en found in the following mines: Christian 
6th at Vinoren, Fraulein Christiane, juliane Mar,ia, the m.ines 
at Jonsknuten, and the prospects at Kobbervolden. In recent 
times the mineral has been found by R. Støren in considerable 
quantit.ies on the rock walls of the prospect Elgtjernhaug. Here 
the mineral was found as patchy coatings on vein rocks and 
in fissures of other minerals. In other places the mineral is 
said to have been found in aggregates of crystals with stellated 
structure. 

Erythnite is found only in the open or very close to the 
surface. lt is probably originated from arsen id es of Co (and Ni) 
in the zone of oxidation. These arsenides being found only in 
connection with silver, it follows that erythrite occurs only in 
silver-bearing veins. 

Epidote. 

C. Bugge states ( 12, p. 150) that epidote is a comparatively 
common mineral. Personally I find that it is rarher rare. I have 
not very often ·found it in the mines, and it is seen only !in a few 
specimens. This disagreement may perhaps be due to the fact 
that at the time when C. Bugge examined the occurrence the 
mining was carried on in openings where today no mining is 
carried on. 

On an epidote from a silver-bearing vein in the mine Samuel, 
the prehnite of which to a great extent dominated the gangue 
(p. 96) I measured: 



f-J = 1. 760 ± 0.003 
y= 1.773 ± 0.003 

2V- = approximately 75° 

-89-

r1. colourless 
/3 green 
y green, somewhat lighter than f3 

The optical data correspond to an epidote with 33 mol % 
HCa2 Fe3 Si3 0 13 • 

I have also examined the refraction of an epidote from 
a pyrite- axinite- epidote paragenesis (p. 94). The specimen 
is taken frrom the mi,ne Gottes Hiilfe in der Noth. 

/f = l. 762 ± 0.002 
y= 1.775 ± 0.004 

2V- = approximately 70°-80°. 

These data give about the same composition of this epidote 
as of the one mentioned above. It is not weN crystaHized, and 
it is unusually light green. The pleochroism is not very pro­
minent. 

From the first mentioned specimen we gather that epidote 
is younger than prehnite, but it is probably older than apophylite. 

Axinite. 

Axinite is rather a mineralogical rarity in the veins. It is 
nevertheless known from various mines. Most specimens come 
from the mine Gottes Htilfe in der Noth, but axinite has also 
been found in the mines Kongens grube, Morgenstjerne grube, 
Stadsmyr grube and Askebekk gnube. In addition Hintze's 
Handbuch der Mineralogie mentiones Rosengangen as a locality 
of axinite. For my investigations of axinite I chose a specimen 
from Gottes Hiilfe in der Noth, 358 m level. The specimen was 
placed at my disposal by Universitetets Geologiske Museum 
(The Geologi ca! Museum of the University of Oslo). It displayed 
a richness in well developed crystals varying in size from l cm 
down to 1 millimeter. Som,e of the crystals exhibited dull and 
intransparent portions, but thin secUons of a couple of the 
dullest portions showed no impurities from mineral inclusions. 
Probably the poor transparency is due to the fact that the crystals 
have been somewhat crushed through the mining or in other 
ways. All physical investigations have been made on the very 



-90-

substance which was later analysed. The specific gravity was 
deter·mined by rmeans of a pycnometer with the following results: 

l) Sp.G. = 3.299. 2) Sp.G. = 3.291. 

Because of the above mentioned mechanical crushing it must 
be supposed that ·~hese determinations are not quite reliable. As 
a check, I made a determination of the spedfi:c graVlity by using 
heavy l·iquids, having for that purpose carefully selected 6 small 
faultless splinters of crystal. The determination gave Sp.G. 
= 3.300. This determination is probably the most exact one 
and I therefore give 

Sp.G. = 3.299. 

The refraction was determined by immersion liquids in N a­
light: 

aNa = 1.677 ± 0.002 
/3-Na = 1.684 ± 0.002 
)'Na = 1.690 ± 0.002 

The axi,al angle was determined with the universal stage 
in Na-light and found 

The refractive indices: 

aNa = 1.676 
fJNa = 1.684 
)'Na = 1.689 

gi ve a calculated axial angle 2V- = 761/i o and these data are 
within the border of errors of the measurements. In order to find 
the optical orientation of the axinite I picked out a small crystal 
the faoes of which were ide:ntified with the goniometer (01 O), 
( 350), and ( 11 O). 

Crystallographical orientation after Peacock (53) : 

(O l O) : (350) 
(010): (l lO) 

Measured 

32° 59' 
135° 31' 

Peacock 

32° 59' 
135° 25lj2' 

The crystal was then imbedded in Canada balsam and 
mounted on an universal stage where it could be directly oriented. 
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Fig. 31. Optic orientation of axinite. 

The result of the examination will appear from the sterographic 
projection Fig. 31. To facilitate comparison the projection has 
been drawn in concordance with the method appli,ed by 
Harada (21). 

It will be noticed that the direction r1. does not by far so 
closely coincide with the normal to the x-plane as in the 
case of the axinite examined by V. M. Goldschm~dt ( 19, p. 448) 
or in the case of the axinites examined by Har a da ( 21). 
Nor is this to be expected, the axinite examined by V. M. Gold­
schmidt being a pure Mn-axinite from Årvold near Oslo, and 
the Japanese axinites as far as can be gathered from theit 
respective specific gravities ( 3.305 and 3.312) be ing of quite a 
diHerent composition from the one examined by me. One of 
the J apanese axinites has be en analysed by Ford ( 17) and 
contains 77.3 mol.% Mn-axinite, whereas the axinite from 
Kongsberg, as may be gathered from the analyses below, con­
tain on! y 37.3 mol.% Mn-axinite. 

In order to secure exact and reliable results two analyses 
were made. 
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Il Average 

Of o O Jo 0 /o 

Si02 ........ 42.50 42.29 42.40 
A1~03 •...... 18.25 18.20 18.22 
Fe20a ....... 0.64 0.41 0.53 
Fe O ........ 5.74 5.92 5.83 
Mn O •••••• o 4.41 4.43 4.42 
MgO ........ 0.71 0.96 0.83 
CaO ........ 19.51 19.93 19.72 
Na20 ....... 0.14 0.14 
K20 ........ 0.03 0.03 
H20+ o ••••• 1.36 1.83 1.60 
H20- ...... 0.00 0.00 0.00 

B20a ........ 6.01 6.10 6.05 6.03 
99.77 

Tab 1 e 5. Analyses of axinite. Analyst Henrich Neumann. 

The axinite consists of 48.5 mol.% Fe-axin.ite and 14.2 
mol.% Mg-axinite. 

Chemical composition 48.5% Fe-ax. 37.3 0/o Mn-ax. 14,2% Mg-ax. 

lndices of refraction .. . a = 1,676 fJ = 1.684 y = 1.689 
Axial ang ............ . 2 V-= 76° 
Specific gravity ...... . 3.299 

Tab le 6. Chemical and physical data for axinite. 

Crystals af axinite from Kongsberg have been measured by 
v. Rath (55) and Schrauf ( 65). Their illustration are given as 
Fig. 32 and Fig. 33. 

In order to arrive at a general view of the axinite family 
I have made a calculation from those of the available analyses 
that seems to me to be tolerably reliable. These analyses I have 
entered together with that of the axinite from Kongsberg in a 
triangular diagram, in which the corners of the triangle represent 
the pure components of Fe-axinite, Mn-axinite and Mg-axinite. 
(Fig. 34.) The respective specific gra vi ties I have put down at 
the representing points. Most of the analyses also indicates the 
presence of some Fe2 0 3 • fe3+ may well take the place of 
AJ3+ in the diagram, and it would be possible to construct three 
ferri-axinites, making the number of components equal to six. 
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Fig. 32. Crystal of axinite. After v. Rath 
(55. Taf. l. Fig. 1 9). 

The contents of Fe 2 0 3 is, however, on the whole not large. A 
striking feature is that in an ordinary composited axinite one half 
is made up of the ferro component, 1,4 by the manganese com­
ponent and 1,4 by the magnesium component, and also that the 
magnesium component is the one which is usually found in the 
smallest quantity in axi,nite. The diagram also shows that it 
is not a,dvisable to try to illustrate the variation of the physical 
properties of axinite in any bi-component system whatsoever, an 
effort which has been made by Gadeke ( 18) with a somewhat 
curious result. Besides it appears that the available data are 
not at all sufficient to enable us to draw curves with a~ny degree 
of reliability. 

Fig. 33. Crystal of axinite. After Schrauf (65. Taf. 3. Fig. 16). 
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Fig. 34. Diagram showing chemical composition of axinites and corresponding 
specific gravities. 

As to the paragentical position of this mineral in the Kongs·­
berg veins J. H.L. Vogt (78) maintains that axinite is one of the 
youngest minerals of the veins and that it has been fm·med con­

temporaneously with the zeolites. It cannot be doubted that this 

is wrong; on the contra ry axinite is one of the oldest minerals. 

Only quartz that has been precipitated directly on the wall of a 

vein, and also fluorite of a dark violet colour, armenite, and bi­

tuminous calcite, may with certainty be reckoned older than 

axinite. To these may probably also be added coal blend and 

pyrrhotite. 

Axinite often occurs in this way: Directly on the wall of 

the vein has been precipitated long, somewhat "dirty" crystals 

of quartz from base. Then axinite has been precipitated, and 

finally calcite, filling the fissure. The mineral has a character­

istic way of O·Ccurrence in the foHowing paragenesis: axinite, 
epidote, pyrite, fluorite, calcite and coal blend. I shall here give 
a description of a specimen of this type: It consists mainly of a 
compact axinite- felsite and bituminous calcite and displays the 
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typical porous appearance which is characteristic of pneumato­
lytic formations. In Vhe pores we tind well developed crystals of 
axinite and transparent calcite. The crystals of calcite can be 
traced with the same orientation into the bituminous calcite, and 
I conceive that they have been made by crystallization of the 
latter mineral. They have probably been formed contemporane­
ously with the axinite. Axinite is younger than the bituminous 
calcite. We find crystals of axinite on the walls of cavities in 
the latter, and the calcite is also cut through by small veins of 
axinite. The axinite - felsite looks like a changed piece of rock. 

The genesis must have taken place in this way: 
A calcite vein contain:ing pieces of rock has been attacked 

by a very reactiv B- and F-containing fluid, an aqueous solution, 
which has changed the pieces of rock into an axinite - felsite 
containing epidote, fluor:ite, and pyrite, whereas it has by cor­
rosion created cavities in the calcite and filled these caviHes with 
crystals of axinite, causing at the same time the recrystallization 
of the calcite. 

The aluminium of the axinite must be supposed to have 
been extracted from the piece of rock, whereas B and Mn, and 
perhaps other components, belonged to the invading solutions. 
This view of the genesis of axinite has previously been maintained 
by Thomas van Hoerner (24). 

It has already been mentioned that axinite suggests a com­
paratively high temperature of formation for the oldest minerals 
of the paragenesis (p. 33). The foundation of this contention 
is our knowledge of the genesis of axinite, according to which 
axinite may form in o ne of the foNowing ways: 

1) By contact metamorphosis (by far the majority of the occur­
rences). 

2) By precipitation from magma tie gasses in gran i te (Strie­
gau Silesia; Ba ven o). 

3) In hydrothermal veins (Berkutskaja in Ural, in a quartz 
vein; Andreasberg and Kongsberg in ca leite - cobalt-nickel­
arsenide - native si Iver veins). 

To assume a temperature of formation of 400°-500° C 
for axinit,e in the Kongsberg veins therefore seems probable. 
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Prehnite. 

Prehnite occurs both as well developed crystals and as the 
well known spherulitic forms. The spherulites may have a dia­
meter of 2-3 centimeters, but usually they a1re considerably 

smaller; some of them have a greenish hue. The crystals are 
tabular after (00 l) and limited by (001) (OOI) and the 
prisma ( 11 O). 

Beautiful small crystals from the mine Gottes Hlilfe in der 
Noth hav,e these indices of refracHon: 

aNa=l.651 ± 0.001 
fiNa=l.620 ± 0.002 

The small indices show that prehnite must be poor in Fe3 + 

( 18, p. 601). This is confirmed by the fact that the crystals are 
colourless. 

C. Bugge ( 12) descr,ibes a silver-bearing vein in the mine 
Samuel where the gangue to a great extent consists of prehnite 
and not as usual calcite. In this vein, epidote as younger mineral 
is found together with prehnite. 

Asbestos. 

Asbestos is known from the Kongsberg formation from long 
ago, having then often been given names as mountain cork, 
mountain leather and mountain paper. It has as far as can be 
gathered usually been conceived ,as consisting of amphibole; this 
conception is, however, false. It consists of chrysotile, a fact 
that may be gathered from the refractive index: 

n = 1.505 

and from an optic spectrogram showing heavy lines of Mg and 
Si, and also lines o:f Fe and Al. 

Asbestos is an aggregate of small needles and threads of 
chrysotile, these being arranged in every possible direction in a 
plane, thus for:m,ing foliaceous appearances. This at Ieast holds 
true in the 'Case of the varieties which have been denominated 
mountain leather and mountain paper. In the case of mountain 
cork the neadles are as far as can be gathered arranged in all 
directions without any clear pløne structure. 
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Asbestos has probably been produced by decomposition of 
the ferro-~magnesian m.inerals of the surrounding rocks. 

Deichman ( 15) mentiones that amianthus was so common 
in a vein in the mine Samuel and that this vein was called "the 
wooden ve in". 

Apophyllite. 

Apophyllite is not uncommon in the veins. Paragenetically 
it is connected with the zeolites and probably older than these. 
It is a rare thing to find several zeolites ( apophyHite included) 
in the same specimen, and the relativ·e ages of the various zeolit·es 
can therefore not easily be defined. 

I determined the refraction of three different apophyllites, 
one from Christian's driftway, Myrgruben vein, 332 m leve!, one 
from the mine Gottes Hulf.e in der Noth, 406 m leve!, and one 
cspeciaHy stated to have been taken from a silver-bearing vein. 
For all thre·e I found: 

1.531 < w and r < 1.538, uniaxial positive. 

Apophyllite is known only from vugs, where they have been 
developed in beautiful crystals of a size of up to a couple of 
centim,et·ers. The crystals are tabular (601), and limited by 
(001), (100), (010), and (111). The planes are g.iven according 
to their usual size, (001) being best dev.eloped and ( 111) usu­
all y showing the most incomplete development. In the case of 
some few crystals (001) is, however, replaced by ( 111). 

Apophyllite is observed to be younger than quartz, albite, 
fluorite, cakite, prehnite, and epidote. Laumontite is younger. 

Chlorite. Green Ooze. 

Chlorite is a common mineral in the veins, but occurring as 
:small interpositions or almost microscopkal lines in the minerals 
of the veins, it is easily overlooked. Chlorite is best known as 
so-called green ooze, which j,s found in many pockets as a green 
powder covering all other minerals of the locality. 

The material of the analyses below is just such dust collected 
from a series of pockets. 

Norges Geo!. Unders. No. 162. 7 
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% 

Si02 ••••••••• 23.95 
Ti02 ••.•..•.. tr. 
Al 20 3 . • • . . . . • 21.58 
Fe20s .. .. .. . 2.12 
FeO . . . . . . . . . 32.51 
MnO......... 0.47 
MgO......... 8.56 
CaO . . . . . . . . . 087 
Na,O . . . . . . . . 0.23 
K20 . . . . . . . . . 0.03 
H20......... 9.76 

100.08 

Tab le 7. Analysis of green ooze. Analyst Lars Lund. 

The analyses tolerably well correspond to a chlorite of this 
composition: antigorite + ferroantigonite : amesite + daphnitc 
= 2 : 5, and fe2+ : Mg2+ = 2 : 1, thus according to Winchel 
( 81) an aphrosiderite. This result harmonizes with the obs·erved 
index of refraction: n ~ 1.654. The birefringenGe is ælatively 
large for a chlorite, the optical character being negative. The 
mineral is usually spherulitically developed. 

In the mine Gottes Hiilfe in der Noth, 564 meter level, there 
is a vein offering strikingly large quantities of sphalerite and 
galena. It has many vugs, in which are found as younger 
products, smaH green ba}i)s or perhaps small crystals of chlorite. 
The index of refraction is n ~ 1.640, and 2V- = 10°-20°. 
The birefringence is very small and the mineral offers anormal, 
blue shades of colour under crossed niccols. 

In specimens from Elgtjernhaug mining claim may be seen 
calcit·e interwoven by dark dwindlling veins of dark-green chlorite. 
The index of refraction is: n = 1.640-1.650. 

In a silver-bearing vein in the mine Mildigkeit Gottes were 
84 meters below leve! found small brown spherulites of chlorite. 
The indices of refraction of the spherulites Iie between 1.635 
a111d 1.645. The mineral has a ma-rked cleavage and shows a 
brown colour parallel to the cleavage. Normal to the cleavage, the 
mineral is colourless. The pleochroism is very distinct. The 
mineral shows parallel extinction. When the spherulites are 
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crushed, small brown tables with hexagonal cross-sections are 
produced. The tables are too thin for their optical character to 
be determined. These tiny tables show no pleochroism. The 
sections of the spherulites are from 0.01 millimeter to O.l milli­
meter. They are built in such a way that the cleavage-planes 
radiate from a center. They occur together with young inter­
growths of quartz and coal blend. Coal blend is younger 
than quartz, it being found as small balls on larger quartz 
crystals. The spherulites of chlorite are contemporaneous with 
or younger than coal blend. 

As may be gathered, the optical data of this mineral might 
as well indicate biotite as chlorite, but considering the mode of 
appearance of the mineral, it must be taken for granted that we 
are here dealing with a chlorite of a brown colour, and not with 
biotite. It must be regrettet that the spherulites are too small and 
too few in number to allow further investigations. 

Wherever chlorite has been found it must be counted among 
the very youngest minerals; there are strong indications that 
chlorite is a secondary product. 

Armenite. 

Of this new mineral I have earlier given a more thorough­
going description ( 45). It is a water-bearing barium- calcium­
alumosilicate, the formula of which is BaCa2 (AI 2 Si 3 0 10 )sH 20. It 
is known only from a single specimen from the mine Armen, from 

Si02 .......... . 
Al 20a .......... . 
BaO ........... . 
SrO ........... . 
CaO .......... . 
Na20 ......... . 
K20 .......... . 
H20 + ........ . 
H 20- ........ . 

A B 

46.18 
27.52 
12.37 
o 04 
9.99 
0.16 
0.13 
3.41 
0.11 

99.91 

7690 
2692 
829 

4 
1781 

26 
14 

1893 

Tab le 8. Analysis of armenite. A: weight percents. B: corresponding 
molecular proportions. Analyst Lars Lund. 
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l 

1 cm. 
Fig. 35. Armenite crystals. The two upper crystals have small axinites 

on the prism faces. 

which it has g·ot its n.ame. Its appearance as oldest mineral 
together with axinite, pyrrhot1ite, quartz, and calcite indic.ates 
that it must be looked upon as an extremely rare member 
of the qu.artz- coal blend - fluorite - axinite- pyrite paragenesis . 
(p.117). 

An anal)'is.is shows a compositi'on in ha.nmony with the 
formul.a above. 

The mineral occurs .in well developed, colourless to light 
green orystals with hexagonal habit (Fig. 35)." Armenite is, 
however, not hexagonaJI, the pseudohexagonal crystals being 
penetration twins composed of rhombic inrdivid:uals (Fig. 36). 
T·he i1ndioes of refraction are: 

a. = 1.551 ± 0.002 
/3 = 1.559 ± 0.002 
y = 1.562 ± 0.002 

and the optic angl.e 2V- = 60° ± 2°. 
The hardness is between 7 and 8 and the Sp. O. = 2. 76. 
Each rhombic individual possesses thæe tauto-zonal dea­

varge planes, one perfect and two .di•stinct ones. The angle 
between them a æ aH 120°, and the zone axis is paraBel to the 
~pseudohexagonal axis, co.rresponding to the optical directi.an a.; 

the best cleavage Iies in the a.-/3-plane. 
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Fig. 36. Penetration twin of armenite, showing three individuals 
making an angle of 120° with each other. 

The explanation to the above mentioned phenomena is 
probably that armenite has been fonmed as a hexagonal high­
temperature moditication which under decreasing temperature has 
been changed in to a rhombic ( ?) Iow temperature modification. 

The systematic position of armenite is still uncertain. The 
dehydration ourve shows that it is not a zeolite (Fig. 37). On 
the contrary armenite shows strong re:semblance to milarite. 
Both exhibit hexagonal habit and are composed of rhomibic(?) 
segments. The data a æ as fo),Jows: 

Cryst. syst ......... . 
Formula .......... . 
n ................ . 
H ................ . 
Sp. G ............. . 

Armenite 

Rhomb. (?) and hex. 
BaCa2Al 6Si90so 2 H20 

1.56 
7.5 
2.76 

Milarite 

Rhomb. and hex. 
KCa2Be2AlSit20so ~, H20 

1.53 -
6 
2.6 

Tab le 9. Chemical and physical data for armen i te and milarite. 

To show the supposed isomorphism we may write the 
formulas: 

Armenite BaCa 2AIA1 2Al:oSi 9 0 302H 20 
Milarite KCa 2AIBe 2Si 3 Si 0 0 301;2H20 
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Fig. 37. Dehydration curve of armenite. 

We see that in arm.enite the bivalent Ba ( 1.43 Å) replaces 
the univalent K ( 1.33 Å), and, in order to satisfy the valences, 
at the sam·e Hme silica (0.39 Å) in the complex silicia-oxygen­
anion of armenite is replaced by alumina (0.57 Å) and in milarite 
by beryHium (0.34 Å). 

Hyalophane. 

Hyalophane occurs rather seldom. According to C. Bugge 
(12, p.145) the mineral is more oommon in the main veins 
(p. 22) than in the ordinary veins. He mentiones a vein in the 
1mine Dergleichen where hyalophane occurs in such large quanti­
ties that in some places it is the dominating mineral of the vein. 

Of this hyalophane he had the following analysis made: 
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0/o 

Si02 ••••••••• 57.98 
Al20a . . . . . . . . 20.58 
Fe~Os........ 0.17 
CaO......... 0.07 
BaO . . . . . . . . . 8.80 
MgO . . . . . . . . 0.10 
K20 . . . . . . . . . 11.05 
Na20 . . . . . . . . 1.32 

100.07 

Tab le l O. Analysis of hyalophane. After C. Bugge. 
Analyst O. Røer. 

Recalculation of the analysis gives the following composition 
of hyalophane: 

Or 69.84 mol% 
Ce 17.11 
Ab 12.67 
An 0.38 

That the composition of the feldspar varies from one grain 
to the other is shown by the determination of the specific gravity. 
Here I quote C. Bugge ( 12, p. 147): "A couple :of grains 
showed Sp.G. 2.550; another couple of grains showed less than 
2.560. Most showed more than 2.577. Only a few grains 
showed more than 2.670 and some few showed 2.701. With 
regard to specific gravity ther,e thus seem to occur a series with 
values between 2.550 (specifk gravity of adularia) and 2.701 
(hyalophane). 

The average index of refraction nj3 of the various grains 
was found to vary between 1.525 and 1.528, which gives an 
average of 1.527." 

From what is quoted above the average specific gravity may 
be fixed at about 2.62, and the physical data, index of refrac­
tion as well as specifk gravity, then corresponds to a hyalophane 
with about 7 mol% celsian. I then do not take in to considerat~on 
an admixture of al bite ( according to the analysis about 121/2 %) 
which must be supposed not to influence the above mentioned 
physical constants y,ery much owing to the great similarity of 
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the specific gravity and the jndices of refraction of albite and 

adularia. The material used by C. Bugge for chemical analysis 
cannot have been identical with that used for examination of 

the physical constants. A hyalophane of the chemical composi­

tion indicated in the analysis should have Sp.G. = 2.70 and n;J = 
I .534. The substance of analysis should thus correspond to the 

heaviest grains found by C. Bugge during his determination of 

specific gravity. 
Personally I have examined the refraction of several crystal.s 

of hyalophane ·found in vugs. Using the indices of refraction 

it is possible approximately to calculate the quantity of celsian 

present in the mineral. 

'"Adularia". Gottes Hiilfe. u.= 1.536 ± 0.002. ;-J = 1.540 ± 
0.002. 25 mol% celsian. 

"Adularia". Gottes Hiilfe. Main vein. I 90 m level. \V. C. 

Brøgger 1878. u.= 1.536 ± 0.002. j-J = 1.540 ± 0.002. 

25 mol% celsian. 

Hyalophane. Mildigkeit Gottes. 124m level. a.= 1.534 ± 0.002. 

/3 =I .538 ± 0.002. Sp.G. = 2.73. 22 mol% celsian. 

"Adularia". Kongsberg. u.= 1.532 ± 0.002. f3 = 1.536 ± 0.002. 
20 mol% celsian. 

"Adularia". Kongsberg. u.= 1.531 ± 0.002. f3 = 1.535 ± 0.002. 

17 mol% celsian. 

It thus appears that hyalophane from Kongsberg usually 

contains 20 mol% celsian or a litt le more. 

It clearly appeared during the examinations that the com­

position was varying from grain to grain in accordance with the 

results aHived at by C. Bugge. 
The habit of the crystals of the hyalophane is the simplest 

possible; the y are limited by ( 11 0), (00 l), and (l O l); they are 
short prismatic :f: c-axis and othorhombic in aspect. Ths. Mlinster 

( 44) mentiones Carlsbad twins. 
As to the age of the mineral this cannot be definitely deter­

mined, but it occurs very often together with zeolites and is in 
aH probability a young product. 
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Al bite. 

Albite occurs with about the same frequency as hyalophane, 

perhaps it is a little more rare. 

In vugs the mineral appears in small crystals the size of 

which are 0.1-0.5 cm. The crystals are limited by (01 O), 
(110), (1l0), (001), and (lOI). They are always twins after 
the albite law. As a rarity the albite law and the Carlsbad law 

appear together. 

Ths. MOnster has pointed to a rather curious phenomenon 
observed by him in Gottes HOlfe in der Noth; about 400 m leve!, 

i. e. the fact that albite crystals grown on older crystals of quartz 

cover only one side of the crystal of quartz, no albite being found 

on the other side of the crystal. He also points out that the 

side of the quartz crystal on which are grown crystals of albite 

will always turn upwar,ds, the albite-free side always downwards. 

I have myself seen similar phenomena in the case of other 

minerals. The explanaNon must probably be that when the 

nucleus of a crystal has been formed in the solution, this nucleus 

is to begin with very smaH and light and will therefore swim 

in the solution like dust in the air. Later when it has grown 

larger, it Wlill sink and by further growth become fixed to the 

fundament on which it has ~ettled down. Naturally it will then 

not settle underneath a protruding crystal of quartz. It will 
settle on the top of it and later become fixed to it. 

I have not been able to determine the paragenetical position 

of albite, but I have often seen the mineral growing directly on 

the wall of the vein together with quartz. Ths. MOnster ( 44, 
p. 3 I 5) maintains to have seen very small crystals of axinite 

settled on the surface of albite. This should in addition to what 

has been mentioned above indicate a high age for albite. How­
ever the crystals of axinite were so small that Ths. MOnster could 

evidently not be quite sure of a reliable diagnosis. 

Indkations are on the other hand also found to the effect 

of albite being paragenetically identical with the zeolites. This 

is, as has been mentioned, the case with hyalophane too. 
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Dato lite. 

When in 1 939 I idenNHed datolite in a specimen from 
Kongsberg an additional analogy with the deposits of Andreas­
berg, Harz, was found, datolite having for a Iong time been 
known from those deposits, but only now for the first time found 
at Kongsberg. 

This mineral is extremely scarce in these veins. Hritherto 
it is known only from three specimens. One of them is in the 
collections of the Kongsberg Silver Works. This specimen 
carries silver together with datolite. In the remaining two speci­
mens datolite is found together wi~h axinite, the Jatter mineral 
being the older one. 

~n the specimen of silver ore, the locality of which is not 
known, the mineral occur.s in well developed crystals, one large 
with a diamet·er of about l centim·eter, and several smaller, the 
diameters of which are 1-2 millimeters. 

The indices of refraction are: 

<lNa = 1.622 ± 0.001 
fiNa = 1.649 ± 0.002 
YNa = 1.666 ± 0.001 

2V- = approximately 70°-80° 

The axial angle is probably somewhat varying from one 
grain to the other. 

Winchell (81) givcs for datolite: 

u.= 1.625 
H = 1.653 
y= 1.670 

thus aH indices 0.003-0.004 higher than found by me. Harada 
(21, p. 93), in complete agreement with Winchell, gives the 
following indioes for Japanese datol:ites from Noborio and 
Hol-Kol: 

O:Na= 1.626 
YNa= 1.654 
liNa= 1.670 
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It is not easy to see the re a son for the lower indices of 
refraction of datolite from Kongsberg. However, replacement 
of Ca by Na seems possible. It is regretable that datoHte is 
not avairlable in suffticient quantities for an analysis. 

The specific gra vi ty was detenmined and found: 

Sp.G. = 2.997 ± 0.003 

In handbooks of Mineralogy the specific gravities of this 
mineral is g1iven as 2.9-3.0. tlarada has found 2.997 ± 0.002 
(Noborio) and 2.995 ± 0.002 (Hol-Kol), that is to s.ay the same 
specific gravities allowing some space for errors of measuring. 

As to paragenesis, datol1ite is younger than axinite, but it has 
to all probability been precipita~ed in connection with the form­
ation of axinite. It is probable that as long as aluminium is 
available (p. 95) axinite will form; when there is no aluminium 
left, Al-free datolite is fonmed. It is also possible that the para­
g·enesis may depend on a fluctuating temperature, but to me it 
does not seem very Ii~ely that these minerals whkh are para­
geneNcally thus closely connected shoul·d lhav:e been formed 
under ~decidedly different temperatures. 

Natrolite. 

Natrolite from Kongsberg i·s not found in any of the Nor­
wegian collections, and personally I have never found this mineral 
in the mines. One specimen is said to exist in the collections 
of the University of Copenhagen. May be this is due to an 
error of diagnosis or to an interchange of specimens. 

Laumontite. 

Laumontite is not at all so very rare, and it is always some­
what decomposed because of dehydration, as ·is usually the case 
with this mineral. I examined the optical conditions of such 
a dehydrated Iaumontite, and found: 

a < 1.504, f3 and y both very near 1.512. 
2V- = approximately 30°-40°. 

Laumontite ris in all probability the very youngest mineral 
of the paragenesis. 
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Stellerite. 

This mineral, which is earlier known only from two occur­
rences, is in the Kongsberg veins known from several places. 
I first 'identifjed it in the mine Samuel grube, where it was found 
at a depth of about 50 m, just before this mine was abandoned. 
Stellerite from this mine has not developed crystal faces, but 
is found in the form of lamina'i mass, as far as can be ascertained 
in a vein of a thickness of 2-3 cm. The mass is laminal after 
(010), and thus parallel to the extraordinarHy well developed 
cleavage. 

Two analyses gave the following results: 

Il~ Average 

O!o O)o o lo 

Si02 ........... 59.19 59.26 59.23 
Al20s .......... 14.99 1515 15.09 
Fe20s ........ 005 n. d. n. d. 
CaO ........... 7.94 7.98 7.96 
MgO ........... 002 000 0.01 
Na20 .......... 0.35 0.27 0.31 
K20 ........... 0.00 0.00 0.00 
Loss on ingnition 18.24 18.20 18.22 

Sum ........... 100.78 100.86 100.81 

Tab le l 1. Analyses of stellerite. Analyst Henrich Neumann. 

The only probable admixtuæ of the material of the analyses 
must be calcite. However, treatment of the material with 2 n 
hydrochloric acid does not cause any development of gas. The 
figures of loss on ignition given in the table of analyses have 
been arrived at with a portion of 1j2 g. Morozewi,cz, who first 
described stellerite from the Commander Islands, gives somewhat 
varied determinations of the loss on ignition, 18.40 %, 18.41 %, 
18.40 %, 18.57 %, 18.15 %. These variations he maintains depend 
on ignition of 18.42% and 18.62 %. There seems to be some­
ations of the loss on ignition. With a portion of 1 g. I found a loss 
on ignition of 18.42 % and 18.62 %. There seems to be some­
thing wrong with the determination of water. The following 
solution of the problem seems reasonable: 
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Accord'ing to the data given by Morozewicz (20), stel­
lerite loses about half of its water between 200° and 500°, 
(when the temperature is made to increase rapidly as done 
during a determination of loss on ignition, probably proportion­
ally more); by this temperature water has a much larger power 
of decomposition than at 20°-100°. It ris not rimprobable that 
at the moment when it leaves the mineral the superheated water 
disintegrates a portion of the mineral and removes ~it. In the 
table of analyses this loss in the mineral itself wiH be included 
in the loss on ignition (water). This will make the total too 
large, as the analyses are not made of ilhe substanoe used for 
determination of the loss on ignition. 

In order to examine the possibility of ardv.ing at a result 
on this point I perfonmed a determination of water after Pen­
fi.eld's method which aHows a dir·ect weighing of the water 
present. This determination gave 17.94 % water. 

I give below the averag.e of my two analyses with this 
determination of water, together with the analyses made by 
Morozewicz and the estimation of the composition according to 
the formula, æspectively as IV, V and VI. 

IV V VI 

O/o O/o O/o 

SiO~ ........ 59.23 59.23 59.67 
Al20s ....... 15.04 14.41 14.47 
Fe~Os ....... 0.05 0.22 
CaO ........ 7.96 8.23 7.96 
Na~O ....... 0.31 trace.s 
H20 ........ !7.94 18 15 17.90 

Total ....... 100.53 100.24 100.00 

Tab le 12. IV. Stellerite from Kongsberg. V. Stellerite from Commander 
Islands. VI. Estimated composition. 

The total of the analyses IV not being satisfactory I made 
an additrional main analysis, and the analyst of Universitetets 
Mineralogiske Institutt (The Mineralogica:J Institute of the Uni­
versity, Oslo). Civ. eng. Br. Bruun also had the kindness of 
making a check analysis. 
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VII VIII 

o/o O/o 

59.23 
15.28 
7.82 

59.09 
15.26 
7.87 

Tab le 13. Main analyses of stellerite for control. VII. Analysis of the author. 
VIII. Analysis by civil. eng. Br. Bruun. 

As will be seen from table 13 the conformity is very satis­
factory. 

The indkes of refraction wer.e determined by the immersion 
method and found 

fJ. = 1.482 ± 0.002 
y = l .493 ± 0.002 

The« axial angle was determined with the universal stage 
and found l) 2V- =51 °, 2) 2V- = 48°, consequently: 

2V-=49° ± 4° 

The specifk gravity, determined by pycnometer and destilled 
water is 2.124. 

For comparison I give in table 14 the constants found by 
Morozewicz (39), by Wheeler (80), and by myself. 

a y 2V- Sp. G. 

Morozewicz l 1.484 1.495 43°.5 

l 
2.124 

Wheeler .. 1.488 1.499 38° 
Neumann .. 1.482 1.493 49° 2.124 

Tab le l 4. Physical constants of stellerite. 

Most of the stilbites from Kongsberg are in all probability 
steller'ites. A steHerite from Labrofoss mining claim gave 

(/. = 1.484 ± 0.001 
y= 1.495 ± 0.003 

The contents of alkali of this stellerite was determined by 
mag. scient. Lars Lund and found 

0.18% Na 2 0 
0.17% K~O 
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The specific gravity was determined with heavy liquids and 
found Sp. O. = 2.127. 

A grey, somewhat greenish, tale-like mass from Bratte­
skjerpet mine, 62 m level, is composed of very small, partially 
spherolitic lamrinae and laminal aggregates with n = 1.490. The 
laminae are so small that the.ir optical quality cannot be deter­
mine·d with exactness, but the mineral appears to be biaxial. 
This is probahly a steUerite aggregate. 

A stellerite from blygruben, Culmbaoh, Sandsvær, gave 

u.= 1.487. 

The determination of the optical orientation of the stellerite 
offered such great difficulHes that l did not aHive at any de­
finite result. The main difficulty consi·sts first of all in the fact 
that it is impossibl·e to produce orientated thin sections from 
this tender and cracky material. I therefore in making my 
inve~stigations had to keep to powder preparations and the mea­
surings which I made gave much varying resuHs, e. g. a variation 
from 0° to 26° of c: o.. The two cleavage dir·ections (l 00) and 
(001) should be perpendicular upon each other or near so. Vet I 
observed two evidently perfect cleavage-planes forming an acute 
angle; between crossed niccols the mineral wi~ll usu all y extinguish 
nearly parallel to one of them. Once I measured in a section two 
cleavages perpendicular on each other; the mineral extinguished 
a!Jmost exactly in the diagonal. I have concluded that these things 
depend on the varations in the percentage of water in the stellerite 
because of varying vapor pressure in the atmosphere. This 
causes variations in the position of the indicatrix and tensions 
is created in the mineral causing cleavages following planes 
which are normally not deavage-planes. The prosess might also 
perhaps have been brought about by exchange of the water of 
the stellerite wirth cations of the substances contained in the liqu:ds 
of immersion. 

X-ray-investigations of the structure of stellerite have been 
made by Pabst ( 48) who claims to have proved that itt is not 
as earlier supposed orthorhombic, but monoclinic, and that it 
should be regarded as the end member in the desmine series 
the form ula of which is by him given like this: 
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JO 

61.00 300 

Fig. 38. Dehydration curve of stellerite. Broken line, dehydration curve 
for zeolitic water. Experimental data after Morozevicz (39). 
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NaxCa2+yA14+x+2ySiJ4-x-2y036 . 14 HzO 
where then in the case of stellerite both x and y should be given 
the value O. This result seems to me to be right. 

The dehydration curve has been determined by Morozewicz 
( 39). The shape of the curve seems to suggest that stellerrite 
has one molecule H20 bound as crystal water, escaping at 125°, 
and the rest bound as zeolitic water. Also the data given by 
Morozewicz for the dehydration and for the variations in the 
optica~l constants of the mineral under varying temperatures agree 
with such a theory. The dehydration curve (Fig. 38) has been 
transcribed according to this hypothesis. 

Stellerite 'has up to this day been regarded as a very rare 
mineral, and has hitherto been described only from two occur­
rences, i. e. by Morozewicz (39) who first described it from 
Copper Island, Commander Islands, and by Wheeler (80) from 
Alaska. Wheeler has suggested that the scarcity of the mineral 
depends on the fact that it cannot be formed except in an arctic 
climate or at !east shows no constant composition except in an 
arctic climate. The error of this supposition appears from the 
fact that at Kongsberg it has been found 500 m below the level, 
and has in all probability originated from ascendent solutions. 
It might be suggested that the rareness of the stellerite is to a 
large extent due to inaccurate determination of the refractive 
indices of the stilbites. In this connection I should like to mention 
that Professor Barth has shown to me a mineral, found in a 
cavity in lava from Iceland, the apperance and optical data of 
which show complete accordance with stellerite. 

Harmotome. 
Harmotome is the most common zeolite at Kongsberg. It 

occurs both in the wellknown crossformed quaternions and as 
single individuals, attaining a size of 1 centimeter. 

The indices of refraction and the axial angles are somewhat 
varying for the harmotomes which I have examined: 

1) Harmotome. Kongsberg. 2) Harmotorne (red). The 
rt = 1.50? ± 0.002 clriftway of No. 9. Kongsberg. 
;J = 1.506 ± 0.002 (/_ < 1.504 
i= 1.51 o ± 0.002 ;1 > 1.504 

Norges Geol. l'nders. No. 162. 8 
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2V + = approximately 
70°-80° 

3) Gottes Hillfe. 312 m level. 
o.= 1.505 ± 0.00 

5) The ,mine Ny Segen Gottes. 
a< 1.504 
/3 > 1.504 

2V + = approximately 70° 

4) The m·ine Anna Sofie. 
a < 1.504 
/3 = 1.504 ± 0.001 

6) Harmotome. Kongsberg. 
1.498 < a and f3 < 1 . 505 
2V + is rather small 

7) ( Stilbite): Kongsberg. P. Strøm. 
o. and f3 > 1.505 

y= 1.513 ± 0.002 

2V + varies a little in the various grains from a little more 
than 0° to approximately 50° at most. 

The specific gravity was determined for two specimens: 

l) Sp.G. = 2.473 ± 0.003 
7) Sp.G. = 2.400 ± 0.003 

Sharp red colouring of harmotome is known from a few 
spedmens. In a binocular magnifier it is distinctly se·en that 
this is due to a pigmentation by a sharply red coloured, trans­
parent, and very finely dispersed mineral. In the same specimens 
the calcite is also occasionally pigmented by the same red sub­
stance. It is not possible to identify this pigment in the micro­
scope, but it is not far fetched to suggest ruby silver. 

Coal Blend. (Anthracite, mineral coal.) 

The international nomenclature does actually not offer any 
denomination for this mineral. At Kongsberg it has allways b::en 
called coal blend (kull blende), and this denomination will be 
used in this paper. J. H. L. Vogt (78, p. 113) has called the 
mineral anthracite. 

The occurrence of coal blend is tolerably common in the 
veins, and experience shows that the occurrence of coal blend 
often coincides with that of si Iver. U su all y it occurs as spherical 
or a'lmost globular forms, the size of these formations varying 
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from almost nothing to the size of an egg. The balls or spherules 
are often bright and shiny, but they may also be found dull. 
When they are cracked, the fracture is found to be conchoidal. 
The plane of fracture is usually shiny as a mirror. The hardness 
of the coal blend is between 3 and 4. Helland has found Sp.G. 
= 1.38. The specific gravity is to all probability variable. 

Previously Helland has made an analysis of coal blend, rhe 
result of which is given he re: 

95.9 % C, 1.9 % H2 , 2.2 % C\, 

For con tro l an analysis has been made for this pa per: 

90.5 % C, 2.2 7~ I-1 2 , 0.5 % N, 0.4 (; S, 5.5 r; O:u 0.9 r; ashes. 

Lars Lund analyst. 

On the whole the analyses harmonizes quite well. Coal 
blend consists mainly of carbon, togetrher with smaller quantities 
of oxygen, hydrogen, nitrogen, and sulphur. An x-ray spectro­
gram of the ashes from the analysis shows vanadium. 

On polished sections coal blend shows a very great re­
flection pleochroism and effect of anisotropy. In palorised light 
the colour is leaden grey vertically on the cleavage-plan:: and 
greyish-brown parallel to it. Between crossed niccols the colour is 
light brown in diagonal position. The reflective capasity is low. 
J. Lietz ( 35) has made investigations on a specimen of co al 
blend consisting of an intergrowth of almost parallel stripes, 
where the individuals of the anisotropic minerals are orientecl 
approximately verUcally on each other. In the poHshed speci­
mens in which I have seen coal blend, it has been built up from 
almost paraHel, to all evidence leaf-shaped individuals. The 
sheets of parallel leaves are sometimes curved. 

In the ore-microscope we find indications of the upbuilding 
of coal blend from small leaves of graphite, a peculiarity 
which has be en earlier not ed by J. Lietz ( 35). To ve ri fy this 
I have made a Debye-Scherrer diagram of the coal blend and 
also for comparison a diagram of graphite from Tvedestrand. 
The diagram of graphite gives clear and definite lines, whereas 
that of coal blend only gives a few indistinct lines which do not 
coincide with any of those of graphite. 
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Coal blend has probably a very complex composition. 
Besides graphite, it consists of carbon-hydrogen-oxygen-com­
pounds rich in carbon, and of other organic compounds with 
nitrogen and sulphur. 

That the lines of the diagram are so indefinite and vague is 
probably due to the fact that the substance which gives the lines 
is so greatly dispersed. 

It is not improbable that coal blend has originally been a 
gel whioh has later to a large extent been crystallized. The 
globular structure of coal blend harmonizes quite well with such 
a proposition. 

In this connection it might be mentioned that we often find 
small greyish-white pearl-Iike balls situated in open globular 
cavities in the coal blend. The se small balls ( meas:ured a cross 
l millimeter or less) are spherulites of calcite. The y are als o 
found enolos,ed by the coal blend. Probably these spherulites 
have also been crystallized from a gel, or, put in a more correct 
way, they are concretions in a gel. 

The spherules of coal blend appear in a variety of ways. 
In vugs they are found indiscriminately on various minerals. 
Tlhey are found along the oleavage-planes of calcite. They are 
also found on silver, often on the tip of a thread of silver. 

Coal blend does not always appear with botryoidal structure. 
In several polished specimens I have found it with polygonal and 
sometimes acute-angled circumfer-enc·e. In one place it offered 
an almost triangular circumference in the middle of a portion of 
silver. Perhaps we here deal with remnants of replacement. 

The age of coal blend and its place in the paragenesis are 
very difficult to decide because of the absenoe of crystallization. 
It seems to have been precipitated at various times. It is, however, 
usua:lly very young. 

Whether or not the so-called bitumen in calcite is of the 
same chemical composition as coal blend, is not known. It is 
perhaps not improbable. Besides much of what was believed 
to be bitumen in calcite, 'has been revealed as small interpositions 
of dark green chlorite. 
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Fig. 39. Paragenetic table. 

Paragenetic Relations. 
It is natura\ to make a division into thr·ee separate para­

geneses, an ol·der quartz - coal blend - fluorite - axinite - pyrite 
paragenesis, a middle calcite - barite- fluorite - sulphide - silver -
Ni-Co-arsenide paragenesis, and a younger calcite - zeolite para­
genesis. (Fig. 39.) All these three parageneses have usu all y 
been preoipitated in the same vein-Hssure, but they are also found 
precipitated separately. 

The Quartz - Coal Blend - Fluorite - Axinite -
Pyrite Paragenesis. 

As the oldest mineral in the veins we usually find quartz­
crystals which have been precipitated directly on the walls of 
the vein, the c-axis of the crystals more or less vertically on the 
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wall. In some places we may observe that pyrite has first been 
precipitated on the wall of the vein, and later crystals of quartz. 
In other places crystals of pyrite have been precipitated on the 
prism faces of the quartz. On the latter we usually find pre­
cipitated small round balls of coal blend. Coal blend is also 
found in the quartz crystals as a pigment or as larger portions. 
In several cases we find an unbroken coating of coal blend in 
the quartz crystal, which, after some growvh has got a covering 
of coal blend all over its surface, whereupon it has continued its 
growth. Coal blend is contemporaneous with or somewhat 
younger than quartz. In connection with the oldest quartz and 
younger than this we also find violet fluorite and axinite. These 
older minerals are usually finally bedded in calcite. This older 
calcite is in many cases bituminous. Axinite is sometimes 
younger than calcite. It has be en supposed by J. H. L. Vogt 
(78) that axinite should be younger than silver and contem­
poraneous with the zeolites. All the specimens where silver and 
axinite occur together, show, however, that silver forms reentrant 
angles around the crystals of axinite, and also that silver has 
been precipitated in fissures in the crystals. Axinite being in 
several places found precipitated in connection with the oldest 
quartz, I find it likely that it belongs to the oldest part of the 
paragenesis, but it is possible that it ought to be placed as one 
of the oldest minerals of the calcite - barite - fluorite - sulphide -
native silver- Ni-Co-arsenide paragenesis. At all events axinite 
is older than native silver. In addition to its occurrence together 
with the oldest quartz, axinite is also found in another character­
istic way together with epidote, pyrik) fluorite, calcite, and coal 
blend (p. 94). 

The Calcite- Barite- Fluorite - Sulphide- Silver­
Ni-Co-Arsenide Paragenesis. 

This paragenesis might perhaps be divided into three sub­
divisions: Oldest a calcite- ba rite- sphalerite- chalcopyritc -
galena- marcasite -(pyrite) paragenesis; intermediate a younger 
fluorite- native silver paragenesis, and youngest a calcite­
(pyrite) - pyrrhotite - chalcopyrite - Ni-Co-arsenide - sphalerite 
paragenesis. These subdivisions are, however, very closely 
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connected to each other and are best treated together. The 
first minerals to form were sphalerite, chalcopyrite, galena, and 
marcasHe. I have not succeeded in arriving at any exact 
concluS:ions as to the mutual relation as to the age of these 
minerals, but generally speaking they seem to be contem­
poraneous. As al ready mentioned ( this pa per, p. 58) sphale­
rite usually contains well developed inclusions of chalcopyrite 
formed by unmixing. Contemporaneously with the sulphides 
calcite and barite were precipitated as vein minerals, the pro­
duction of calcite being much larger than that of barite. The 
age of barite cannot be brought into relation with that of 
the sulphides, but it must be older than fluorite, and fluorite 
is in turn usually cut through by silver, mostly along the main 
cleavage of fluorite. However, the polished specimens and 
thin sections again and again show that silver and fluorite follow 
each other, from which fact may be concluded that silver and 
fluorite are paragenetic mi,nerals and fluorite slightly older. The 
paragenetic relations of the above mentioned sulphides and silver 
is gatherecl from the fact that the sulphides are otten intersected 
by small veins of silver, and that they are otten replaced by silver. 
(Pl. I, Phot. 2.) 

Younger than silver is pyrrhotite whioh is found as a coating 
round crystals and threads of silver. Sometimes is corrodes and 
penetrates in to it like a co ve or as a thin vein (Pl. IV, Phot. 7). 
Within the silver we otten find small portions of pyrrhotHe, re­
minding of replacement remnants. Probably they have a direct 
connection with the surrounding coating. This connection can­
not be observed in the random section represented by the surface 
of the polished specimen. Together with pyrrhotHe and para­
genetic with this mineral we often find chalcopyrite (Pl. Il, 
Phot. 3). Likewise paragenetic with pyrrhotite, but somewhat 
younger, arsenides of nickel and cobalt, niccolite, chloantite, and 
rammelsbergite have been precipitated (Pl. Il, Phot. 3). These 
minerals occur in the well known way as thin crusts around 
threads of silver and crystals of silver. We often find contiguous 
crusts with irregular or approximately pentagonal or hexagonal 
borderings all covered by silver (Pl. VIII, Phot. 16, Pl. VII, 
P hot. l 3). The question of the paragenetic relations between 
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these arsenides and silver has been discussed by many ore geo­
logists, who have examined occurrences of this type. American 
ore geologists ar-e mostly ·of the opinion that the arsenides are 
older than silver and have later been replaced by silver. On 
account of their zonal structure they have been replaced from 
within, a thin crust having then been left. (Lingren 36, Kidd and 
Haycock 31.) Bastin ( 4, p. 28) on the other hand has the 
opinion that the arsenides are younger than silver. German ore 
geologis·ts such as Zlickert (83), Kei! (28), and Hoehne (23), 
hold silver to be older than the coating of arsenides, wheæas 
Ramdohr (54) describes the Ni-Co-arseni,des as older than silver. 
As regards the occurrences at Kongsberg, microscopical examin­
ations of ore have previously brought Lietz to the conclusion 
that silver must be younger than the arsenides. Now, if zonal­
structured crystals of Ni-Co-arsenides had a kernel which was 
not in chemical equilibrium with the silver-bearing solutions, but 
the edges of the crystals being in equiHbrium, - a condition 
whkh woul~d cause the replacement of the crystals of arsenicle 
from within by silver -, then it would be natura! to expect to 
find all stages of transition between not replaced crystals, parti­
ally replaced crystals and crystals of which only a thin crust 
on the surface would be left. However, this is not the case. We 
always find only a thin crust round silver. I know only a couple 
of exceptions from this ru le. In o ne case (p. 62) a homogenous 
crystal of niccolite is surrounded by a thin coating of chloantite, 
in just the same way as is usual for silver. The other case 
shows a somewhat thicker coating of Ni-Co-arsenides. However, 
no zonal structure is to be observed. On the contrary the smaller 
patches of chloantite, rammelsbergite, and niccolite are quite 
irregularly distributed wrhithin the crystal, which has probably 
originally been homogenous. Thus only the former of these 
structures might have produced a portion of silver with a crust of 
chloantite by replacement of niccolite by silver. Having observed 
hundreds of examples of small grains of silver surrounded by the 
·characteristic crust of chloantite, I have ~observed only this 
separate individual of niccolite, and not a single example of 
niccolite partially replaced by silver and surrounded by chloantite. 
Further stripings of calcite, pyrrhotite, chalcopyrite, and Ni-Co-
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arsenides are otten seen in silver in such a way as to indicate 
a younger age for these miner als than for silver. (PL Il, Phot. 3.) 
The deciding proof is found in the fact that ~hreads of silver 
have be en coated by arsenides. (Pl. VIII, Phot. 16.) The thread 
form bei:ng quite specific to silver and other precious native 
metals, no other interpreta,tion is possible than that silver must 
have been formed first and the Ni-Co-arsenides later. In this 
connection it has be en suggested ( 35) that the threads of silver 
also were form·ed by replacement of the nudeus of ·chloantite 
which assumed a rod-like shape. Then it must be borne 
in mind that such crystals of chloantite have the shape of 
l:inear needles with well defined crystal outlines, whereas thready 
silver coated by arsenides has the same undulated and to some 
extent twisted forms as thready si,lver grown on argentite. It 
seems to me therefore that this exprlanation should be disca11ded. 

The surrounding arsenides have by recrysta'llization devel­
oped a crystal ha bit of their own against silver. (Pl. VIII, 
Phot. 15.) 

Still later than the arsenides, sphalerite together with calcite 
has been precipitated. As far as I have seen the youngest 
sphalerite never contains exsolution-inclusions of chakopyrite. 
Sphalerite as well as calcite replaces silver. 

There is a possibility of galena having also been precipitated 
at this time. 

The Calcite - Zeolite Paragenesis. 

In the concluding stages of the formation of the veins calcite, 
some quartz, and zeolites were predpitated. The relative ages 
of the vaf'ious zeolites, is not known, each of them occurring 
alone and not together with their congeners. Only once two 
z,eolites have been found together, viz: harmotome and laumon­
tite. Laumontite is younger than harmotome and is probably 
the youngest mineral of the veins. As a rarity ruby silver was 
encountered in this paragenesis. We have reasons to believe 
that the red pigmentation of some harmotomes must be ruby 
silver, and ruby si1lver is also found below the surface of young 
calcites with hexagonal development. ( See Fig. 21.) The ruby 
silver in cakite is pyrargyrite. Probably the solutions have to 
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a very small extent reacted on previously precipitated silver, and 
silver and antimony has again been precipitated as pyrargyrite. 
It is possible that also inconsiderable quantities of argentite have 
been precipitated. 

Finally may be mentioned that the occurrence of barite 
suggests the possibility of a special barite - galena - calcite 
paragenesis. Actually barite has been found only in compar­
atively few veins, but when this mineral occurs, it will usually 
occur in rather large quantities. In the mine Bratteskjerpet 
there is a vein the main mineral of whi·ch is barite, and in this 
vein gaiena occurs in by far larger quantities than usual. Barik 
veins have also been found at Vinoren, Blårud skjerp, and in 
several veins in the mine Mildigkeit Gottes. In this last place 
barite is not the main mineral. 

C. Bugge ( 12, p. 177-179) mentiones that barite veins are 
often intercept·ed by veins of calcite, and he seems to be inclined 
to hold that they belong to a special formation of veins older 
than the calcite- native silver- Ni-Co-arsenide veins and younger 
than the sulphicle-bearing quartz - breccia veins. 

Supergene Ores and Minerals. 

Of the minerals from the zone of oxydation only erythrite 
and chlorargyrite are known. Both of them are very rare. 
Chlorargyrite is actually known only from older descriptions. Of 
course some native silver may be of this orig'in, but is !llOt 
necessarily so. Thus this zone is practically not found in con­
nection with the Kongsberg occurrences. This is due to the fact 
that those oxiclation minerals which were present before the glaci­
ation of quaternary age, have been removed by the ice, and 
since that time new minerals have only to a very small extent 
becn producecl by oxidation of the original ones. 

Neither is the zone of cementation in any degree prominent. 
However, in some places remnants of an older zone of cement­
ation are found. Thus in the mine Milcligkeit Gottes, 124 m leve!, 
an ore occurs containing large quantities of pyrargyrite, a mineral 
which from larger depths is known more as a rarity. Here it 
will be seen (Pl. V, Phot. 10) that pyrargyrite replaces native 
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silver and calcite, but not arsenides of Ni and Co. Together with 
pyrargyrite also occurs stephanite. - From the mine Christian 
VII at Helgevannet, 150 m level, is also known pyrargyrite 
together with stephanite in larger quantities than usual. Here 
pyrargyrite is also found as a thin coating on fissures in the 
rocks and in the vein mass, being a sure indication of a younger 
age. In former days when the mining was carried on nearer 
to the surface than nowadays, ruby silver ore was otten mentioned 
in the reports, whereas now ore which contains any considerabl:: 
quantities of pyrargyrite, is very rar·e. Argentite too is to all 
appearance more common at smaHer depths than what is on an 
average found at larger depths, and from earlier periods ar~ 

reported rich finds of arsentite ore near the surfa,ce. Together 
with argentite and sulphosalts of silver there occur in addition 
to native silver also quartz, calcite, and coa·l blend. 

I have believed these ores to be supergene, but we cannot 
disregard the possibility of their having originated through a 
zonal structure of the original occurrences. It so, the ascending 
waters must be supposed to have deposited comparatively more 
argentite and sulphosalts of silver at same distance from the 
parental magma than nearer to it. 

At all events these ores are comparatively rare. Usually the 
veins do not change their character against larger depths, thus 
containing the same minerals in approximately the same pro­
portions at larger depths as near to the surface. 

Comparison with Other Occurrences of the Native 
Silver - Cobalt - Nickel Ore Type. 

Several comprehensive works have been \\!Titten on this type 
of ore deposits. ( See e. g. Bastin ( 4) and Schneiderhohn ( 61, 
p. 605)). So far it is not necessary to point out that in spite 

of its relative scarcity this type of ore is widely scattered over 

the world and it seems in no way to be isolated within certain 
metallogenetic provinces. A tab le prepared by Bastin ( 4) 
showing the minerals appearing in the various occurrences throws 
very much light on the matter. 
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Some features characteristic of Kongsberg at once catch 
our int,erest, for example the lack of bismuth whi,ch is very 
common in most other occurrences. Bismuth is found in 19 out 
of the 33 occunences mentioned in Bastin's table. 

Native arsenk on the ot!her hand is found as a rarity at 
Kongsberg (mentioned from 6 of the 33 occurrences in the above 
mentioned table). 

Pyrrhotite which is very seldom found in this sort of veins, 
and is reported from only 4 of the 33 localities dealt with, is 
rather ,common in the district under discussion, and it is perhaps 
the most commonly ocourring sulphide mineral pyri'te not taken 
into account. Pyrrhotite, which is commonly supposed to have 
been produced under a comparatively high temperature, is 
younger than silver. (This p aper p. 63.) 

From 9 only of the 33 deposits mentioned by Bastin is 
reported fluorHe, whkh is a very common vein mineral at Kongs­
berg. (This pa per p. 79.) As I have previously mentioned 
(p. 119) silver and fluorite are often found together, and it is very 
close at hand to suppose that silver has been brought in by the 
F-bearing solutions as AgF. This has been previously noted 
by Ulrich (77) who has also in the laboratory performed the 
reaction 4AgF + 2CaC0 3 = 2CaF 2' + 4Ag + 2C02 + 0 2 , a re­
a-ction which in his opinion to a large extent must be due to 
the precipitation of native 'SHver in the vei,ns at Kongsberg. T!here 
is, however, so gæat internal similarity between all ocounences 
of the nickel-cobalt - native silver type that an analogous 
history of formation seems reasonable. Thus a feature from one 
special occurrence must not be made vhe foundation of an explan­
ation of the mechanism of deposition. All known occurrences 
must be tak,en ·into ·consideration. The Ia.ck of fluorite in most 
occurrences of this type can evidently not be explained if the 
above mentioned reacNon should be the key to the right under­
standing of the precipitation of native silver. I suppose it is 
right therefore to regard the paragenesis of fluorite and native 
silver as more or less fortu,itous. 

Boron minerals are extremely rare in this group of occur­
rences. Only from two localities is tourmaline reported, i. e. 
from Dobschau in Hungary and Zinkwand- Voettern in the 
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Eastern Alps. From Kongsberg is known axinrite and datolite, 
both of them are very rare. Axinite and datolite are also reported 
from Andreasberg ,in Harz. The literature dealing wi,th this 
occurrence is ·comparatively scanty, and the occurrence has not 
been examined with the ore-microscope. It seems to have a quite 
striking similarity to the occurrence at Kongsberg. 

The occurrence at Kongsberg shows a very important differ­
ence from other occunences in so far as, with the exception of 
the very rare native arseni:c and coal blend, concretionary 
structures are lacki·ng, these structures being very characteristic 
to other calcite - native silver - nickel-cobalt-arsenide veins. 
I have not succeeded in finding in the available literature 
calculations of the depths at whi~dh these veins have been preci­
pitated, but we are justified in believing that the lack of con­
cret-ionary structures depends on the fact that the veins at Kongs­
berg have been precipitated at comparatively larg·e depths. (The 
high age of the Great Bear Lake occurence, about 1350 
million years (37), indicates that this occurrence must have 
been precipitated at large depth, and here concretionary structures 
are exceptionally common.) The on ly precipitations at Kongs­
berg which might from theilr appearance have been originally 
precipitated as gels, are certain fine-grained specimens of quartz 
(p. 81). As to the ore minerals the re are no indications of such 
a mode of precipitation. (On the other hand concretionary 
structures are known from pyrite from a sulphide-bearing quartz 
- breccia ve in at Eiker.) 

Much uncertainty is attaohed to the question of the para­
genetic relations of the minerals of these deposits. This is to 
some extent due to the fact that some research worlærs have 
not been able to tind deciding evidences bearing on the para­
genetic conditions. Besides there is much disagreement between 
the various geologists who have examined the same occurrences. 
When, in spite of this, I have in Fig. 40 tried to view all those 
occurrences Whkh have been most thoroughly examined from 
one common point of view and have to that effect made a general 
table of paragenesis for the calcite - native silver - pitchblende -
native bismuth - nickel-cobalt-arsenide - sulphi·de veins, this is 
of course done with certain reservations. I must at once 
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prcmise that in the case of the Silver Islet occurrences I adhere 

to the conception of Parsons and Thomson (52), whereas Chad­

bourn ( 14) has by later investigations arrived at a different 

result, which in my opinion probably is wrong. Ramdohr (54) 

has examined a small occurrence near Darmstadt, and has arrivcd 

at results which do not fit in on the tab le in Fig. 40. However, if 

the coatings of arsenides are taken to be younger than silver, wc 

shall here have the same paragenetic conditions as elsewhere. 

Kidd and Haycock (31) have in the case of the Great Bear Lake 

occurrences arrived at results which fit very badly in the general 

table of paragenesis. 

The table, Fig. 40, should be rather instructive and needs nu 

thoroughgoing comments. However, I want to point out ver­

ball y as well that the re is some va ria ti on as to the time of the 
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deposition of arsenides, and also as regar.ds the time of the con­
clusion of their deposition. 

The youngest sulphides of vhe Kongsberg occurrence are 
sometimes older than the arsenides. Trhis is evidently not the 
case in the other occurrences. It may be due to the fact that 
the younger sulphide which was first deposited at Kongsberg is 
pyrrhotite (Fig. 39) which occurs in relatively large quantites 
(Fig. 8), whereas this mineral, as mentioned above, is either not 
found at all in the other occurrences, or it is of no great 
importance. 

Keil (28) has maintained that the youngest generation of 
silver (in Fig. 40 marked with the num ber 6) might be redeposited 
silver and not brought in from external sources, and then deposited. 
I fully share his conception on this point. I do not doubt that in 
the case of the Kongsberg occurences there is found native silver 
which has been deposited later than may be concluded from the 
tables of paragenesis Fig. 39 and Fig. 40. Probably even as late 
as at the time of precipitation of the zeolites, older silver has been 
corroded and redeposited in another place. However, these 
phenomena being of quite inconsiderable importance in the veins 
at Kongsberg, I have, in order not to disturb the total aspect 
even found it right to disregard them completely when making 
the tables of paragenesis. In the case of some few other occur­
rences this late corrosion and redeposition of silver has been 
by far more important. 

Finally I ought to mention that those minerals and groups 
of minerals which are in Fig. 40 marked by the numbers 1-7, 
are not equally dosely paragenetically connected. The oldest 
sulphides and the later groups are in all probability not very 
intimately connected, whereas native silver, native bismuth, and 
pitchblende are in some cases quite cogenetic. It may be dearly 
gathered from the table Fig. 40 that the arsenides must be in­
cluded in this fami'ly. On the contrary it is rather astonishing 
to find the younger sulphides connected with the paragenesis to 
such an extent as that which is indicated by the conditions at 
Kongsberg, so much the more so, since the silver- arsenide -
paragenesis has been considered almost sulphide-free. It has, 
however, been known previously that arsenides and su/plzo­
arsenides were cogenetical in the veins of the Cobalt district. 
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Norges Geo!. U nderso Nr. 1620 Pl. I 

Phot. l. Pyrite (white) showing euhedral crystals with reference to quartz (dark 

grey), and quartz with reference to native silver (strongly tarnished). 100 x o 

Mine Bratteskjerpet. 112 m leve!. 

Phot 20 Pyrrhotite (light grey) and native silver (tarnished) as veins in sphale­
rite (dark grey) with spots of chalcopyrite (very light grey)o 

300 x o Juuls mine. 



Norges Geo!. Unders. Nr. 162. Pl. I I 

Phot. 3. Veinlets of calcite, pyrrhotite, chalcopyrite, niccolite and diarsenides 
of Co and Ni (light grey) in native silver (white). Quartz (grey). Grey as well 
as black bake lite near the borders. 7 x . Mine Haus Sachsen. 480 m leve!. 

Phot. 4. Veinlet of calcite (black), niccolite (dark grey) and chloantite (light 
grey) in native silver (white, tarnished). Same paragenesis as Phot. 3, but 
without pyrrhotite and chalcopyrite. 50 x . Mine Gottes Hillfe in der Noth . 



Norges Geo!. Unders. Nr. 162. Pl. I I I 

Phot. 5. Arsen i c (grey) with spots of antimony (light grey). 300 x . 
Kongsberg, mine unknown. 

Phot. 6. Young sphalerite (grey) replaces native silver (white) within a coating 
of chloantite (light grey). Calcite (black). 100 x . Mine Haus Sachsen . 

480 m leve!. 



Norges Geol. Unders. Nr. 162. Pl. IV 

Phot. 7. Pyrrhotite (grey) replaces native silver (light grey). Gangue (black). 
50 x . Mine Kongens grube. 520 m level. 

Phot. 8. Stephanite (grey) around ruby silver (a little more light grey) within 
native silver (white). Chloantite (light grey) and calcite (black). 1100 x 

Mine Gottes Hi.ilfe in der Noth . 624 m level. 



Norges Geol. Unders. Nr. 162. Pl. V 

Phot. 9. Stephanite (grey) with a replacement remnant of native silver .(white) 

within a coating of chloantite (light grey). Gangue (black), and argentite (dark 

grey) near the border. 300 :x. . Mine Christian VII. 150 m leve!. 

Phot. 10. Ruby silver (grey) replaces native silver (white) and calcite (black), 

but not chloantite (white, relief). 50 x. Mine Mildigkeit Gottes. 

124 m leve!. 



Norges Geo!. Unders. Nr. 162. Pl. VI 

Phot. 11. Native silver (white) replaces marcasite partly rendered to pyrite 
(grey). 300 x . Mine Kongens grube. 520 m leve!. 

Phot. 12. Native silver (white) replaces marcasite which is partly rendered to 
pyrite (grey). Note border between twin crystals of marcasite. 200 x . 

Mine Kongens grube. 520 m leve!. 



Norges Geo!. U nders. Nr. 162. Pl. V I I 

Phot. 13. Around native silver (greyish white) is seen a coating of diarsenides 
of Ni and Co (grey). The inner part consist of chloantite and the outer part 

of rammelsbergite . Crossednicolls . 300 x . Mine Christian VII. 150m leve!. 

Phot. 14. Chloantite (grey) as a double coating around native silver (white, 
tarnished) . Calcite (black). 200 >< . Mine Christian VII. 150m leve!. 



Norges Geo!. Unders. Nr. 162. Pl. VIII 

Phot. 15. Rammelsbergite (grey) in crystals which are euhedral with reference 
to older native silver (white, tarnished). This is a phenomenon of recrystallis­

ation. Calcite (black). 50 x . Mine Christian VII. 150m leve!. 

Phot. 16. Coating of rammelsbergite (grey) around a thread of native silver 
(white, tanished) . Calcite (black). 300 x . Mine Cristian VII. 

150 m leve!. 
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134. Rekstad: Salta. Beskrivelse til det geologiske general kart. 1929. Kr. 3.00. 
135. Holmsen: Grundvandet i vore leravsætninger. 1930. Kr. 3.00. 
136. Holmsen: Rana. Beskrivelse til det geologiske general kart 1932. Kr. 4.00. 
137. Foslie og johnson Høst: Platina i sulfldisk nikkelmalm. 1932. Kr. 2.50. 
138. Brøgger: Essexitrekkens erupsjoner, den eldste vulkanske virksomhet i Oslofeltet. 1933. Kr. 3.00. 
139. Brøgger: Om rombeporfyrgangene og de dem ledsagende forkastninger i Oslofeltet. 1933. Kr. 1.50. 
140. Holmsen: Lerfall i årene 1930-1932. 1934. Kr. 1.50. 
141. Olaf Anton Broch: Feltspat. IV 1934 Kr. 3 .00. 
142. Torgersen: Sink- og blyforekomster i det nordlige Norge. 1935. Kr. 2.00. 
143. Arne Bugge: Flesberg og Eiker. Bes krivelse til de geologiske gradavdelingskarter F. 35 Ø og F. 35 V. 

De løse avleiringet ved A. Samuelsen. 1937. Kr. 4.00. 
144. Holmsen: Nordre Femund. Beskrivelse til det geologiske rektangelkart. 1935. Kr. 2.50. 
145. Wolmer Marlow: Folda!. Beskrivelse til det geologiske rektangelkart. 1935. Kr. 4.00. 
146. Arne Bugge: Kongsberg-Bambleformasjonen. 1936. Kr. 3.00. 
147. Falck-Muus: Aursund (under utarbeidelse). 
148. Holmsen: Søndre Femund . Beskrivelse til det geologiske rektangelkart. 1937. Kr. 2.50. 
149. Foslie: Tysfjords geologi. Beskrivelse til det geologiske gradteigskart Tysfjord. 1941. Kr. 12.00. 
150. Foslie: Hellemobotn og Linnajavrre. 1942. Kr. 6.00. 
151. Holmsen: Våre leravsetninger som byggegrunn. 1938. Kr. 3.00 
152. Trygve Strand: Nordre Etnedal. Beskrivelse til det geologiske gradteigskart. 1938. Kr. 3.00. 
153. Carl Bugge: Hemsedal og Gol. Beskrivelse til de geologiske gradteigskarter E 32 V og E 32 Ø. 

1939. Kr. 4.00. 
154. Harald Bjørlykke: Feltspat V. De sjeldne mineraler på de norske granittiske pegmatittganger. 1939. 

Kr. 3,00. 
155. Olaf Anton Broch, Fridtjov Jsachsen, Orvar Isberg, Trygve Strand: Bidrag til Skudenes-sedimentenes 

geologi. 1940. Kr. 1,50. 
156. K. O. Bjørlykke. Utsyn over Norges jord og jordsmonn. Med oversiktskarter av jordbunnsforholdene 

i Norge i to blader: Sør-Norge og Nord-Norge. l: 2000000. 1940. Kr. 8.00. ' 
157. Brit Hofseth: Geologiske undersøkelser ved Kragerø, i Holleia og Troms. 1942. Kr. 3.00. 
158. Per Holmsen: Geologiske og petrograflske undersøkelser i området Tynset-Femunden . 1943. 

Kr. 2.50. 
159. Trygve Strand: Et gneis-amflbolittkompleks i grunnfjellet i Valdres. 1943. Kr. 3,00. 
160. jens A. W. Bugge: Geological and Petrographical lnvestigations in the Kongsberg-Bamble 

Formation . 1943. Kr. 5.00 
161. Christoffer Oftedahl: Om Sparagmiten og dens skyvning innen kartbladet Øvre Rendal. 1943. 

Kr. 2.50. 
162. H. Neumann: Silver Deposits at Kongsberg. 1944. Kr. 4,50. 

Statens Råstoffkomites publikasjoner. 
Av Statens Råstolfkomites publikasjoner er utkommet nr. 1-26, hvorav nr. 1-20 er utgitt i 

ovennevnte serie som N. G. U. nr. 101-120. Nr. 21, 22,24 og 26 fåes i Teknisk Ukeblads ekspedisjon, 
Oslo. 

Smaaskrifter. 
Av denne serie, er utkommet: 

Nr. l. Andersen: Norges Geologiske Undersøkelse, dens opgaver og virksomhet. 1922. Gratis. 
• 2. Falck-Muus: Avhandlinger og karter utgit av N. G. U., systematisk ordnet. 1922. Gratis. 
" 3. Holmsen: Erfaringer om jordskaden ved indsjøreguleringer. 19.a. Kr. 0.50. 
" 4. Holmsen: Grunnvannbrønner. 1940. Kr. 0.50. 

Karter 
Følgende farvetrykte geologiske karter er til salgs ved Norges Geografiske Opmåling: 
Rektangel- og gradavdelingskarter, kr. 1.00: Dunderlandsdalen, Eidsberg, Gausdal, Gjøvik, Gran, 

Hamar, Haus, Hønefoss, Kongsberg, Kristiania, Lillehammer, Melhus, Meraker, Moss, Rennebu, 
Sarpsborg, Selbu, Skjørn, Søndre Fron, Terningen, Tysfjord, Tønsberg med Larvik, Voss, 
Flesberg, Eiker, Folda!, Nordre Femund, Aursund, Søndre Femund, Hellemobotn, Linnajavrre, 
Nordre Etnedal, Hemsedal, Gol. 

Utsolgt: Åmot, Nannestad, Eidsvoll, Bergen, Rindal, Sten kjær, Levanger, Stjørdal, Trondhjem. 
Av Oslofeltets serie er utkommet: Gran, Hønefoss, Nannestad, Flesberg, Kristiania, Fet, Kongsberg. 

Moss, Tønsberg med Larvik, samt oversiktskart. 
Forskjellige geologiske karter: Generalkartene: Hatfjelldal, Rana, Salta, Træna, Vega (kr. 2.00). 

Oversiktskart over det sydlige Norge (utsolgt) og oversiktskart over det nordlige Norge. 
(kr. 3.00). 
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