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A. IBTRODUCTlQg AM) OEaiERAL GBOGRAPIfY

Norway covers an area of 523,879 square kilometers. It is a
small mountainous country with several deeply incised fjords.
Under Norwegian protectorate are also the Islands of Svalbard,
Jan Mayen, Peter I and the Bouvet Island in the antarctic region.
Only 4.9 % of the total area are cultivated by agriculture. Nearly
25 # are covered with wood. Due to the geographical situation
and the length (1750 tan) of the country the climatic conditions
differ considerably changing from maritime climate on the west-coast
influenced by the Gulf Stream to arctic conditions in the central
northeast. Along the coast the countjry is easily accessible.
The population is about jj.86 millions (12,5 persons/skm).
The capital is Oslo.
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B. GBOLOOT OP NORWAY IH RELATION TO POTBBfriALLY
FAVOURABLE URANIUM BEARIHG AREAS

The geology of Norway consists largely of Precambrian crystalline
rooks belonging to the Baltic Shield in the east and southeast,
and alloehthomous metasediments and metavoloanics of Cambro-Silurian
age in the west and north. The early Palaeozoic rock sequence was
metamorphosed and folded during the Caledonian orogeny. Precambrian
rocks of the Baltic Shield also ooour in western areas and In
"windows" within the Palaeozoic allochthon, but are generally
affected by the Caledonian orogenic event. *

Igneous rocks of Permian age occur In the Oslo region w&lch is a
paleograben structure. Devonian sediments are found in small areas
mainly In the western part of Norway and a small area of Jurassic
and Cretaceous sediments occurs on Andoya in the north. During the
last' glaciatlon (8000 to 10 000 years ago) most of Scandinavia
was covered by ice, an much of it is today covered with glacial till.

The Caledonian front In Scandinavia is a metallogenic belt and Is
recognized as a lead province. Geological conditions which favour
lead mineralization in sandstone are also favourable for uranium
deposition. Small uranium deposits in Eocambrian sandstone north
of Laisvall are known. The uranium source for this deposition is
thought to be the deep-weathering zone of the Precarabrian basement.
The constructed palaeo-geographic map of this area for the Eocambrian
shows the locations of the known lead and uranium deposits..

As mentioned previously, a remarkable number of uranium occurrences
is located in the Precambrian basement rooks along the present
outcrop of the Caledonian front, or within the Precambrian just
to the east of this line. Deep weathering could possibly produce
uranium-bearing ascendent or descendent solutions, which might
account for the uranium deposits in such variable lithologies as
(a) breccias in fracture zones in the Precambrian rocks below the
peneplain, (b) Eocambrian sediments, (c) fine-grained sandstone of
younger age, and (d) Cambrian alum shales.



The age of the uranium deposits In the Precambrian rocks along

the Caledonian front in Norway is uncertain. In Sweden, preliminary

U-Pb dating has been done on similar deposits in the Arjeplog

area. Their determination has indicated a mineralization age of

approximately 1750-1850 m.y.

The concept of a metallogenic province along the Caledonian front

only considers the autochthonous or parautochthonous sequence and

the weathered part of the underlying Precambrian rocks. However,

the thrust planes below several of the Caledonian nappes could

themselves be of potential interest as possible mineralized areas.

We know of a few localities where high background values for

radiation are found in such environments. The best example to date

is a thrust plane between two Caledonian nappes at KvaenangsfJell

in Troms, northern Norway. The metamorphosed thrust zone

there consists of augen gneisses. However, more detailed work is

necessary in the area.

Limited experience from car-borne instrumentation measurements

around Precambrian basement culminations and windows within the

Caledonides has shown the background radiation to be distinctly

higher in the Preoambrian rocks close to the Caledonian thrust plane.

A typical example of this is the Grong culmination. In the Tysfjord

culmination the same trend is apparent both to the north and to the

south. The Rombak window exhibits the same trend, which may be even

more pronounoed in this area.

The importance of lineaments for uranium mineralization has long

been known. In the search for such regional lineaments aerial

photographs and satellite pictures have been used. Some of the

regional lineaments can only be recognized using ERTS photos.

At the Geological Survey of Norway a remote sensing group is working

together with colleagues from Sweden and Finland to make a

A megateetonic mag of Scandinavia in "ERTS scale". Uranium anomalies

will be plotted on geotectonlc maps in attempting a correlation

with large-scale geotectonic lineaments.



Dating of uranium mineralizations often shows that the deposition

took plage ..over,,a long : time-ilnterval, or that the uranium was

deposited at certain stages within a long time period. Major

regional, lineaments are of tert tectonized zones, probably reatlvated

in several period of time; and could possibly hold prbmlee as sites

of uraniferous ore. ••..:...

The study of ERTS photographs shows two major trends of regional

lineaments in south Norway* ; , ; > One î .

aligmend.p.aralle;l to the Caledonian mountain belt, NE-SW, and is

completely dominated by roqks of Caledonian age.- The same lineaments

are, however, also recognized in; the Precambrian basement. The

other main lineament direction is approximately NW-SE, parallel•:.-.-'

to the. strike trend of the Precambrian Svecoraorwegian orogeny

between ,1000-1200 m.y, in.age., This mountain belt is parallel to

the Svecofennian orogenic belt of approximately 1650-1800 m.yv

Considering the density distribution of Precambrian fractures in

south Norway, a distinct trend may be ssen. The NW-SE direction is

less pronounced towards the Caledonian front where it becomes mixed

with the later Caledonian direction. .̂ ; n

Killeen and Heier reported an enriched uranium-thorium belt in

the Precambrian rocks of south Norway following the general NW/SE

lineament trend. The belt Includes the granites of Bahusi, Iddef jord,

Drammen and Pla. According to these authors the enrichment in this

belt occured during the Sveconorwegian orogeny and is not related

to geotectonic lineaments.

C . PA38? EXPLORATION

A systematic search for radioactive raw materials was started

1954 by the Geological Survey of Norway and the Institute for

Atomic Energy. Reconnaissance work was carried out in the mining

districts and other favourable areas. According to the mining

law, uranium and thorium can only be prospected by government

a g e n c i e s : ' ; - - ' : •' •" ' ' •• • ;'-' ' ••'•••
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A great number of small uranium occurrences is known since

many years. Most of them contain uranium associated with

thorium, rare earths elements, niobium and columbium. They

are found in granitic, granodioritic and nephelin syenitic

pegmatites of Iveland and Evje districts in southern Norway.

Uraninite was found at many places but only in minor quantities,

commonly associated with pyrochlor in nephelin syenites and

related pegmatites of Larvik and Langesund in southern Norway.

Other minerals of complex compositibn containing minor amounts

of uranium and thorium are common in many pegmatites.

Some of the carbonatite rocks of the Pen district (Telemark)

contain pyrochlor. Similar rocks with radioactive zircon occur

in the Selland area, northern Norway.

In old copper mines of Telemark and Saetefsdal pitchblende

and secondary uranium minerals were found. The uranium minerali-

zation is related to veins with Cu, As, Mo, Zn, Pb and Bi.

At HolandsfJord, Nordland country, northern Norway, uranium

occurs in graphitic layers of metamorphosed sediments (mica-

schists, quartzites) of Caledonian age. The origin of uranium

has not been proved, but it is suggested that the rocks are

metamorphosed alum shales.

The average content of 550 000 t of graphitic micaschists is

140 ppm U. Another 2000 000 t of mifcasehlsts have an average

content of 35 ppm U.

In southern Norway (Oslo district) the cambro-silurian alum

shales contain with an average of 100 ppm U in the Eurycare

and Peltura zones. The uranium bearing beds are 10 - 15 m thick.

The carbonate content reaches 50 #. Younger beds in the top

of the uraniferous zones are generally barren. Older layers

contain rarely more than 50 ppm. U. Some of the finegrained

pyritiferous shales contain up to 0,15 % vp°V

p
The aera with uranium bearing shales covers hundreds of km .

Due to the low content of uranium and the absence of larger

amounts of other elements with economic interest the alum shales

were regarded as noneeonomic.
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D . URAfflDH OCCURRESCBS AMD HBSOqBffBS

The total amount of uranium in the known pegmatites and carbona-

tites is limited. The resources are few tons of U only. The amount

of uranium related to base matal deposits is very low. No figures

about the resources were obtained.

In the graphitic micaschists in northern Norway two different

types of grade was observed. In 350 000 t of micaschists the

average grade was 140 ppm. U» In 2 000 000 t of mioaschists the

average grade was only 35 PPm U. The total amount of uranium

in the two types is 50 t U resp. 70 t U.

The resources of the alum shales containing approx. 100 ppra U

is unknown.

E« PRESBHT STATUS OP EXPLORATION

Further uranium prospecting in Norway will be concentrated in

the above-mentioned areas. ERTS scale fracture may provide

further ideas about favourable prospecting targets.

A variety of methods will be used in the prospecting. These include

car-borne total radiation maesurments, helicopter measurements

with spectrometers, at a height of 30 m, and geochemlcal ground

sampling. Lake sediment geochemistry -will be attempted on

Finnmarksvidda in the north, which is heavily covered with till.

For transportation, snow scooters with mounted sclntillometers

will be used* Other methods will make use of experiences gained

on similar project in Sweden and Finland. k

F. POTENTIAL FOR HEW DISCOVERIES

Following parts of Norway may be considered as potential

for the discovery of new uranium occurrences:

- The Norwegian part of the Fennoscandian shield with

precambrlan magmatic rocks of different composition.

The presence of uranium in acid or alkaline magmatic

rocks is demonstrated by the existence of uranium

mineraliuation in different pegmatites. The possibilities

of the formation of low grade - large tonnage deposits
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in migmatized and granitized areas, similar to the situation

in the Damara belt or in the Grenville province should be

tested. Studies on the existence of similar situations like

in the Northern Territory of Australia or in the Athabasca

province in Canada are recommended.

- The Caledonian mountain, chain bordering the preoambrian

shield showes many mineralizations. The existance of

favourable areas for uranium mineralizations should be

tested in the nappes as well as in the root zone of the

orogenic belt.

- Low grade mineralizations in graphitic micaschists. The

total potential of these rocks is unknown. Laboratory test

have shown, that the uranium minerals can be separated by

'combined gravity - magnetic separation.

- Devonian sandstones. The Devonian north of the SognjefJord

contains terrestrial sediments in the old red facies. The

presence of favourable conditions for the formation of

uranium deposits should be tested.

According to the geological conditions and known occurrences

the speculative potential may be estimated between .50.000 and

100-000 t U, including low grade material.
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Norway

compiled by Fundesanstait f*Jr Geowissenschaften und Rohstoffe

This report benefits from the recent article on uranium in Norway

by Lindahl and Heier (IAEA, 1977), but large parts of that report

have been uncritically reproduced. This leads to several errors

such as reference to maps which are not shown and discussion of

localities, known only to Lindahl and Heier, using the phrase "we

know of". Further, much of the discussion of earlier activity is

copied directly from Siggerud (1956) and leads to repetition on

pages 5 snd 6. Section E. on present status of exploration, is

copied fron Lindahl and Heier and states that "further uranium

prospecting in Norv.-ay will be concentrated in the above-r.entioned

areas". Unfortunately the "above-n.entioned" ^reas of Lindahl and

Heier1 s tjaper are auite different from the areas discussed by

Siggerud in the -©receding section of the present paper.

A speculative potential of 50 to 100 thousand tonnes TJ is assigned

but no breakdown with respect to the favourable units is given, nor

is there any indication of how much is considered to be of currently

economic type. My colleague. Dr. Cooper, prepared the attached report on

the uranium potential of Norway without reference to the IUREP report.



His report is very similar in broad outline of favourability but

differs in several important aspects, viz :-

1. He does not accept that there is a clear spatial

relationship between the Caledonian front and uranium

occurrences.

2. The eugeosynclinal nature of the Caledonian rocks

and the high grade of metamorphisni must severely restrict

the potential in much of the country.

Thus we are agreed that the speculative potential is too high,

without further evidence, and would suggest that the potential for

uranium of economic potential would fall in the 10 to 50 thousand

tonne category including Spitsbergen (Svalbard).



URANIUM POTENTIAL OF NORWAY

A . OUTLINE GEOLOGY OF NORWAY WITH REFSEENCS TO URANIFEEOUS CONCENTRATIONS
• • • • • • - • • • -

The geolog7 of Norway is still.not veil known; areas napped in detail are

interspersed with areas for which no geological "nap exists. For convenience

of description the rocks ox Norway may be divided into the following groups.

1. Precambrian basement

These rocks occupy large areas in the north and south of the country;

they fora part of the Baltic Shield and three groups can be differentiated

by age dating: pre 1800 myr (Archaen basement), c.l800 myr, c.1000 myr.

Rocks belonging to the latter two groups contain lithologies (conglomerate,

sandstone, shales, acid volcanics) which suggest that conditions suitable

for uraniferous concentration to occur existed at various tines in the

area. However the majority of the basement rocks have suffered high

grade metamorphism, some older groups on more than one occasion, and

there is good evidence to suggest that within the granulite facies

depletion in uranium and other volatile/mobile elements occurred (e.g.

Heier & Thoresen 1971, Cooper & Field 1976). Less well established is

the resting place of the volatiles released; some at least are to be

found in amphibolite facies recks, 'late' granites and pegmatites.

Hence Windley (1977) notes (p.112) that "the partial melting processes

that give rise to the reactivated granites about I80O-I0CO my ago in

the Svecotennian, Karelian, Laxfordian and Ketilidian belts were largely

unable to mobilise or concentrate elements sufficiently to produce

mineral deposits of any economic value, although a few late granite

plutons and pegmatites are economically endowed". In South Norway at

least there are indications^such as the presence of the rare-metal



'(including U) pegmatites in the Evje area and uraniferous granites
*

in Telemark (Killeen & Heier 1975), which suggest that at least small or weak

uranifercus concentrations developed. Other encouraging features are

the recent discovery of substantial uranium mineralisation in rocks of

Svedofennian age (1800 myr) in Sweden (Adamek & Wilson 1977), and the

presence of uranium mineralisation in the Precambrian basement of Finland.

A few of the basement rocks of northern (e.g. Caravarre Group), southern

('telemark supracrustals') and eastern (Trysil Sandstone) Norway have

apparently escaped high grade metaiaorphism and these must represent areas of high

uranium potential than those which have suffered very high grade

metamorphism.

In addition to complex pegmatites the Precambrian of southern Norway contains

several other rocks of unusual composition such as farsucdite, anorthosite

and a carbonatite complex. The latter is known to contain a zone of

uraniferous pyrochlore.

2. 'Eocairibriaxi Sparagnites'

These rocks outcrop over a wide area north of Oslo and are dominantly

thick arkosic to greywacke type sediments, believed to be derived from

a granitic terrain, with minor limestone, conglomerate, tillite and

shale, deposited in fault controlled graben structures, underlain by

Precambrian basement and overlain by fossiliferous Cambrian rocks.

The topmost group contains a quartzite with scattered lead mineralisation

(Bj^rlykke et al. 1976) and Lindahl & Heier (1977) mention associated ...... '

•uraniferous concentrations although no mention of them could be found in

the reference quoted. -



3. Cambrian-Silurian sediments of Eastern Norway

These rocks outcrop in the Oslo region and consist of a miogeosynclinal

series of Cambrian shales (60 m ) , Ordovician shales and limestones (3f>0 m ) ,

Silurian massive limestones with arenites and minor shales (600 m ) ,

grading into Downtonian arenaceous rocks with mudcrack and ripple mark

structures (300+ m ) . The main period of folding apparently took place

after the deposition of the Downtonian. The middle and upper Cambrian

Oalum') shales were deposited in enclosed basin conditions and show

enrichment in several elements including uranium. Uraniferous concentrations

.(approximately l!?0 ppra, Bj^rlykke 197k) are, however, not high compared

with levels in the Swedish alum shalesj also outcrops are relatively small

in area and scattered.

There are further dark shale horizons within the Ordovician and uraniferous

concentrations in phosphatic Ordovician shales are reported from Sweden

(Armands 197k). In addition the whole sequence has been locally heated by

Permian intrusions, which may have promoted remobilisation and concentration

of uranium, ar.d therefore other uranium concentrations (besides those within

the alum shales) may exist in these rocks.

U. Cambrian-Silurian rocks of the Caledonian Qrogen Belt

This belt occupies a large proportion of the land area of Norway. It may be

broadly divided into two (Holtedahl i960):

(i) Central Norway (Trondheim).

Eugeosyncllnal deposits of very thick pelitic sediments, with conglomeratic and

*flysch' type deposits, containing acid and basic volcanics at various levels.

The sequence is virtually unmetamorphosed in the east but reaches amphibolite

grade in the central part of the belt. The sequence is intruded by a multitude

of igneous bodies, which include peridotite, gabbro, diorite, trocdjenite

(granodiorite) and granite.



(ii) Northern .Norway (Narvik). .

The sequence is again eugeosynclinal, but is characterised by great

thicknesses of limestone and dolomite, together with sedimentary iron

ores. There are less pelitic sediments and conglomerates than in the

Trondheim area. The rocks have suffered intense metamorphism, mostly

of amphibolite facies. The sequence also contains volcanics, but

there are fewer intrusions than in central Norway.

Relatively unmetamorphosed Ordovician rocks on the eastern side of the

Caledonian belt may contain uranium (although none has been reported),

for lower Ordovician phosphatic shales in west-central Sweden close

to the Norwegian border show uranium enrichment (Armands 1970).

Notwithstanding this indication the sediments and majority of volcanics

and intrusions of the Caledonian would appear unlikely to contain

appreciable uraniferous concentrations; a view supported by the negative

results of a carbome survey carried out in the Trp'ndelag area (Siggerud ?195>9).

5>. Devonian of Western Norway

Thick Devonian sediments consisting mainly of sandstones and

conglomerate are found in six isolated ? 'synclinal1 basins within the

Caledonian belt (Hbltedahl I960, Nilsen 1969).

6. Permian _

Rocks of this age occur within the Oslo Graben and consist of minor

sediments accompanied by the well known alkaline volcanic and intrusive

rocks of this province. The intrusions, and particularly pegmatites

associated with them9contain some uranium minerals , but in terms of radioactive

elements the area is principally cne of thorium enrichment.



7. Jurassic/Cretaceous of kndrfy

Coal, sandstones, marls and shales of this age cover a small area on the

island of And^y, North Norway.

STRUCTURE

Two major structural trends dominate, firstly a northwest-southeast

Precanbrian (combined Svecofennian and Karelian) trend, and superimposed

upon it along the length of- western Norway the northeast-southwest

Caledonian trend. Eoth these directions are clearly seen in South Norway,

well away from the Caledonian belt, and it is probable that both these

are ancient directions along which deep fracturing of the crust -has

occurred.

Other structures likely to affect uranium distribution are major age

discontinuities. The Caledonian front is recognised as a metallogenic

belt (Lindahl & Heier 1915) and is reasonably well defined, but major

discontinuities within the Precambrian are less well-defined, although .

from evidence in South Non-ray these nay also be related ta mineralisation

(Torske 1976).

RECENT DEPOSITS

There is evidence to suggest that uranium together with other metals is

being concentrated in fjord bottom sediments (Strp'm



URANIUM POTENTIAL OF NORWAY

B. KNOWN URANIFEEGUS CONCENTRATIONS J •

According to Lindahl and Heier (1977) with the exception of the Cambrian

•alun1 shales urani^im indications are connected with (a) granitic

pegmatites, (b) medium to high grade schists and gneisses and (c) tectonised

zones: these are-shown on the accompanying map, which is reproduced from their

paper with some additions. Occurrences in •tectonised zones1 are believed

to include those associated with quartz and calcite in brecciated zones

described by Sverdrup et al. Two1 of the indications in South Norway are

associated with known mineralisation; with cobalt at Modura and-molybdenum

at Knaben.

The indications shown on the map exclude many small concentrations in

pegmatites in South Norway as well as the black shales and fjord bottom

concentrations. As far as is kno-wn all the 'indications' are relatively

small and/or weak in themselves.

Lindahl and Heier (1977) claim that a spatial relationship exists between

the Caledonian front and uranium occurrences, but this is not clear from

the map and is considered far from proved. Occurrences in South Norway

are clearly not related to the Caledonian front, and other structural

planes nay in time prove important as controls on uraniusi distribution.
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URANIUM POTENTIAL OF NORWAY

NOTE ON SPITZBEEGEN

This island group was ceded to Norway in 192£. It is not certain whether

these islands are to be included in the assessment, hence they are treated

separately. The islands contain great thicknesses of sediments* overlying

Precainbrian basement and intruded by granites, which might contain, uraniferous

concentrations. Devonian sequences, similar to those of northern Scotland,

and Lower Carboniferous continental sandstones and conglomerates with occasional

dark shale horizons are considered the most promising lithologies. Rrrther

continental deposits (including coals) with associated volcanic activity

occur in the Cretaceous (Holtedahl i960).



URANIUM POTENTIAL OF NORWAY

C. URANIUM POTENTIAL OF INDIVIDUAL ROCK GROUPS

a. Rocks considered unlikely to contain uranium deposits

(i) Granulite facies Precambrian gneisses and associated rocks.

(ii) Sediments of the eugeosynclinal Caledonian belt.

(iii) The majority of intrusions and volcanics in the Caledonian

belt, the exceptions perhaps being the 'last1 granites and

some acid volcanics.

b. Rocks which it is considered may contain or are known to contain

small or weak uraniferous concentrations.

(i) Cambrian and Ordovician shales of eastern Norway.

(ii) Pegmatites, particularly in southern Norway.

(iii) Downtonian. sediments of eastern Norway.

(iv) Fen carbonatite complex.

(v) Recent accumulations of black muds on fjord bottoms.

c. Rocks which may contain, or be associated with, more substantial

uraniferous concentrations, particularly where sited in favourable

structural situations. -

(i) Precambrian sediments not subjected to high grade metamorphism.

The Raipas Window in northern Norway appears to be a particularly

favourable situation.

(ii) 'Late' granitic intrusions.

(iii) Devonian sediments of west mainland.

(iv) Sparagrnite. sediments.

(v) Continental sediments of Spitzbergen.



D. COMMENT AND ASSESSMENT

The geology of much of Norway is not well known in detail. It is also

a difficult country to survey rapidly or in detail because of terrain

problems. In the north drift cover adds considerably to the problems

of uranium prospecting. The amount of prospecting carried out so far

appears to have been snail and taken the- fona mainly of reconnaissance

surveys, such as carborne survey along the limited road system. This

is only to be expected in a country with large remote areas, a small

population, and a relatively small force of geologists, who apparently

found little to encourage them in the reconnaissance work. The potential

of the country must be limited by these poor indications and the fact

that a large proportion of the country is formed either of eugeosynclinal

Caledonian rocks and associated intrusives, or very high grade netamorphics

which are considered to hold little potential. The high potential given -

to the country is probably based upon (a) the presence of several groups

of rocks with some potential about which little is known in terns of

their uranium content, (b) the lack of widespread and rigerous prospecting

and (c) the fact that such prospecting in Sweden has yielded promising "

results. I feel, however, that to place the country in the 50,000 -

100,000 ton U^Og group is giving the country, even including Spitsbergen,

too much the benefit of the doubt.

10
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