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Only in the latter group Nb205 exeeds 1 wt %.

Apatite is abundant in most of the mineralized
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most radioactive (y-rays), show among the

highest spesific gravities, and contain either

no or very much magnetite.
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1. INTRODUCTION

This report presents the results of the geological work carried out in

the Tuftehavna area, central Fen Complex, in 1982 by the colaborators

within the Union Minerals - Fenco joint venture, as a continuation of

the work reported by S. Olmore resently (01more, 1982).

In 1982 the area along the stream in Tuftehavna has been mapped in scale

1:500 with reference to a surveyed grid system. The area is also covered

by detailed surface magnetic susceptibility and Y-ray measurements as

well as reconnaissance VLF-measurements described in detail in a separate

report (Carstens, 1982).

A drilling program comprising 11 diamond drill holes of alltogether 1405,3, .

has been completed in 1981 through 1982. Partial chemical analysis of

selected core sections has been carried out at "Sentral institutt for

industriell forskning" (SI) and "Institutt for energiteknikk" (1FE).

A reconnaiscance survey of petrography and mineralogy of presumed economically

important lithologies is fulfilled. This survey also include chemical ana-

lysis of minerals by means ofelectronmicroprobeatMineralogisk-geologisk

museum.

Unfortunately a decision has recently been made to discontinue the writers

work within the project, leaving behind numerous unanswered questions con-

cerned with the geology, petrology and metallogeny of the area.

Oslo, 31. December 1982



2. 2EOLOGY OF THE TUFTEHAVNA AREA

2a Regional geology

The Fen alkaline Complex is located on the southern shore of the lake Nordsjc.
The Eeology of the complex is described in detail by Brøgger (1921) and
Sather (1957). Regional geological maps including the Fen Complex are
recently compiled by Dahlgren (1978) and Dons & Jorde (1978).

The rocks of the Fen Complex are exposed over an area of appx. 8 km2.
They are enclosed in Precambrian gneisses which are often brecciated or
metasomatically altered along the contacts, through fenitization to the south
and west and cloritization to the east (Andersen, ners. comm.).

The major rock types of the complex may be divided in five groups:
The basic rocks belonging to the ijolite-melteigite-urtitle series dominating
the southwestern part of the complex (see key map, Plate 1; vipetoites in
the same area; carbonatites (scvites, rauhaugites and rødberg) in the
central and eastern part; Lamprophyric damtjernites occuring all over
except in the southwestern part; and the country rock-derived fenItes,
biotite-calcite fels and other metasomatically altered rocks along the
southern and western contact as well as internally in the central nart of
the complex. In addition a large number of hybrid and "intermediate" rock
types are registred from all parts of the complex.

The area subject to the present study are located in the central part where,
according to Sather (1957), søvitic and rauhaugitic rocks are intermixed
with and surrounded predominantly by blotite-calcite fels and other altered
hasic rocks.

2h Tietailedsurface geology, Tuftehavna

The restricted area along the stream in Tuftehavna has been carefully
searched for exposures. The result is shown on Plate 1.

four major groups of rocks occuring show a nreferental distribution.
To :he east and west rock types derived from the enclosing gneisses dominate.



These are fenite, hollaite and, dom nating, syenitic fenite and biotite
calcite fels, rock types which will be described in Ch. 3. They are
cut by dikes of rauhaugite I. To the south there is no exposures indi-
cating what is the structural relation between the two fenite-derived
domains. However, the present coworkers have adopted the interpretation
of earlier workers (e.g. Sæther, 1957) suggesting a enclosure around a
core of carbonatites.

The eastern part of the "core"is dominated by more or less massive rauhaug-
ite (I) exposed in an up to 20 m wide zone between fenites and søvites.
The latter, dominationg the central and western part of the "core", are
in this general interpretation further subdivided in a zone of blue
amphibole-bearing søvites, and the area where the blue amphibole are

virtually lacking. This subdivision seems to support the interpretation
of a structural closure to the south, as the blue amphibole-bearing søvites
are rimming the søvite massiv, whenever the rim is exposed.

Within the blue amphibole-bearing søvite (and presumably also the rauhaug-
ites to the east)lamprophyric rocks are exposed at one locality at bottom
of the valley.

The structural pattern of the area is characterized by a general north
to north-west-trending strike of planar structures (Foliation, schistosity
and banding) with steep to vertical dips.

2c Geology, as observed in drillholes 1 and 3-12

The geological logs for drillhole 1 (TH-1) are already reported by Olmore
(1982). The complete logs for drillholes 3 through 12 (TH-3 - T11-12)are
enclosed in Appendix 1 and visua]ized in Plate 2. The geological data
are Lransferred to their appropriate drilling profiles in Plates 3A - 3F.
These are then simplified and interpreted in Plates 4A - 4F, respectively.

Examination of the different profiles, in the order from south to north
in the area, revealsome valuable information:



ProfileTH-11 (Plate4A) TH-ll is dominatedby søviticrocks in the

upper part, rauhaugite(I) in the middle, and metasomaticallyaltered

countryrock,mainly syeniticfeniteand biotite-calcitefels are in

the lowerpart. These registrationscorrespondwell to the observed

and interpretedsurfacegeologyby implyingmore or less verticalcon-

tacts betweenthe major rock types.

At TH-11, 20.10 m an apatite-rockstronglymineralizedwith subhedral

columbiteis observedto be intercalatedwith rauhaugitic(I)material .

This apatite-rockshouldon texturaland compositionalreasonsnot be

confusedwith the lamprophyricbiotite.apatiterocks,as will be discussed

in Chap. 3.

ProfileTH-5/6 (Plate4B) This profileexposesa sequence,from east towest,

6f syeniticfeniteand biotite-calcitefels, rauhaugite(I),and søvites


with clustersof biotite-calcitefels as well as numerousveinletsof late

rauhaugite(II). The most easterlyexposadsøvitesare blue amphibole

bearing. Biotite-apatite-rocksare not exposedat surface,but intersected

in TH-5 in alltogether87 cm at 44 m (2 cm) and 53 m (85 cm). No transection

is obsrevedin TH-6.

In both holes the relativewell definedcontactbetween søvite-dominated

and rauhaugite(I) -dominatedvolumes indicatea steep easterlydipping

positionfor thismajor structuralelement.

ProfileTH-1/3/4(Plate4c). In this profilethe centraland western

limitationof the søvite-dominatedvolume into the surroundingbiotite

-calcitefels and feniticrockswhich are cut by frequentdikes of rauhaug-

ite (I). TH- 3 and 4 are drilledexclusivelywithin the søviticdomain,

TH-4 with a large fractionof rauhaugite(1) and biotite-calcitefels near

the lower terminationof the hole.

Lamprophyricrocks appear in all three holes as well as being exposed

at surfacenear the top of TH-1.



In TH-1 the intersections measure appx. 8 m between 2,35 (top) and 11,50 m.

In TH-3 corresponding intersections are found between 32 and 42 m totally

measuring 3,60 m including minute appearances at 23 and 49 m. In TH-4 the

total registration of lamprophyric rocks amount to 59 cm with 19 cm at 12 m,

25 cm at 53 m and the rest shared between locations at 27 m and 54 m.

The profile indicate a semivertical or steeply westerly dipping relation

between major registrations of lamprophyric rocks. However, the total

thickness decreases drastically at depth, the correlation between the

shallowest appearance of altered countryrocks in TH-1 and the probable

position of the same at surface (according to interpretation on the geo-

logical map, Plate 1) confirm a steep easterly dipping contact between

søvites and surrounding country rocks to the west.

Profile7/8/12 (Plate 4D & 4E). Despite the fact that TH-12 is offset

by an angle of 20g relative to the other two, their structural relation-

ship are well documented, and they are therefore treated together here.

There are no exposures of bedrock in the immediate vicinity of this

profile. The three holes are all drilled eastwards within the cental

søvitic massif, and probably into the rauhaugite (I)-dominated area indi-

cated on the geological map (Plate 1). However, the predominance of rau-

haugite (I) is here at best, in TH-7, weak, and in YH-8 and YH-12 not present,

and the rauhaugite (I)-body is therefore terminated in this area.

Rauhaugite (II) dikes and veilets, as well as the correlated apatite-veins

are common rock types in both TH-8 and TH-12. Lamprophyric dikes and dike-

lets are common in upper parts of TH-7 and 8 and middle depths of TH-12.

TH-7 totally intersects 3,02 m of this rock type, TH-8 ca. 3,2 m and TH-12

ca. 4,85 m. The registrations in the three holes match well hy suggesting

a steep westerly dipping orientntion of the major concentration of lampro-

phyric rocks.

The termination of TH-7 was determined by the appearance fo a major discon-

tinuity: a strongly oxydized fracture zone with less than 107 core recovery

over the central 5,5 m.



This transection is the only one cutting the inferred fault zone running
along the Tuftehavna creeknnd restricts the possibilities for orientation
of this major structural element as will also be discussed later.

Profile9/10 (Plate 4F). This northernmost profile are exclusively dis-
playing data from the central søvite-dominated volume, and therefore give
no information about contact relation. The exposed søvites are predomminantly
blue amphibole-bearing. Minor fractures of the core section contain other
rock types as rauhaugites (I and II), apatite veins and lamprophyre. The
latter only occur in the lower half of TH-10, where it totally amounts to
0,42 m.

2d Synthesis and conclusions from drill log examination.

The general structure of the Tuftehavna area can be a wedge-like zoned
sdvitic body surrounded by rauhaugites in the east and subsequently fenitic
and fenite-derived rock types on either sides. "Either sides" is used
here refering to east and west, because the actual structural pattern to
the south is not fully known.

At depth the western contacts between carbonatites and fenitic rocks dips
eastwards, whereas the eastern contact are more or less vertical, i.e. the
structure narrows at depth. The general orientation of the lamprophyric
are on the other hand dipping steeply to the west, at low angle with the
søvite contact.

The zoning mentioned above refers to the predominance of blue-amphibole-
bearing sdvites along the margins.

The suggested orientation of the Tuftehavna creek fault zone nr based onthefact
that it is only transected in one drillhole: TH-7. The other holes drilled
eastwards do not go deep/far enough to reach this possible planar structure.
Thereby the orientation is restricted to just a very small angular deviation
from the direction indicated on the geological map (Plate 1).

Some additional "interrock" relations seem to be generally valid and of
possible importance for further exploration work.



There is no spatial relationship between lamprophyre and fenitic

rocks or rock types derived from fenites. They are always well separated.

The appearance of rauhaugite (type I) is not a clue to the occurrence

of lamprophyre. The former occur spread all over the investigated area

as well as more massive in the (south-) eastern part, whereas lamDro=res

are restricted to the søvitic domain.

Rauhaugite (I) occur together with all other major rock types but are

especially enriched in or near to fenitic domains.

Lamprophyres occur together with different types of sovites, which are

generally high in magnetite.

Rauhaugite (II) and apatite-veins are not easily separated macroscopically.

They usually are of the same thickness (i.e. very thin in this area), have

caused similar metasomatic alteration features in surrounding rocks, and

they show comparable cross-cutting relations to other rock types indicating

approximately the same relative age.

The occurrence of rauhaugite (II) is restricted to carbonatite domains.

They do generally not appear within areas dominated by fenitic and rock

types metasomatically derived form those.
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This accolillt an thc putt of the major rocktyp. i 1.1“Fuftehavnd  

are concentrated on thu potensidi ores, but will alsc give rener , 11


introduction to the natur. at the other ruck

:enfLu, c furtitednd biotite-caleite fels.

This group ol rocktypes has dt least one feature in cummciri:jney do dil nt

them appear to be devided from the surrounding gneisses thruugh the dctia:1

of metasomatic processes. They are cut by dykes and veins of 1ater carL,onatites

and occur as xenoliths in the søvites (rig. 1). The alteration of original

host gneisses have led to formation of a large variety of rock types, of which

those appearing in the heading of this chapter are the most characteristic.

They often occur in a noned pattern, in the same order an 1isted, in large or

small scale (fig. 1).
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:a2 Syenitic fenite. This term was introduced by Vartiainen & Wolley (1926)

for completely fenitized rocks. That is rocks which no more contain quartz

any other relics of the phases present in the original granitic host rock,

neither any of its structural or lectural characteristics. Olmore related

the term to Sæthers (1957) "pulaskite syenite" but also pointed out the

appearance of biotite and chlorite as the effects of retrogression becomes

more distrinct.

The syenite fenites are most common along the western edge of the mapped area.

Further metasomatic alteration leads to the complete breakdown of the

ferromagnesian phases of the fenite to biotite and chlorite as well as

sericitization of the feldspar. The result is a felsic pink medium grained

rock common along the eastern and western margin of the carbonatite massif,

and making up the central part of larger bodies as well as definite xenoliths

(e.g. Fig. I).

3a3 Biotite-calcite fels. This is a mafic rock rimming the fenites at the

contact with carbonatites. Widths are extremely variable, from a few

millimetres to several meters. Its major constituents are biotite, calcite,

chlorite often intergrown with sericite, magnetite, riebeckite and pyrite.

Relict sericitized alkalifeldspar is common.

The term was introduced by Brøgger (1921) and also used by Sæther (1957) in

slightly altered form ("biotite calcite rock"). Brogger (1921) did also

introduced the term "hollaite", which Sether (1957) abolished, as the rock

type concerned could simply be called "pyroxene-søvite". However, during

the 50's the use of "hollaite" as a field term for all mafic rocks in the

carbonatite domains led to confusion. This is also adonted by the coworkers

within the oresent project (eg. Olmore 1982, P.2) as hollaite proper is

virtually absent within the Tuftehavna area.

This rock type is generally mineralized with 2.1-oxides,the nature of which

is not studied in detail. The corresronding nb225 -content is usually

below 0.5 % wt. over narrow zones along the interface hetween adjacent søvite

and biotite-calcite fels.

3h S•vite

S51 Terminology Søvites, in several varieties, dominate the area of concern.

Bregger (1920) introduced this term to cover the nearly rure calcite-rocks.

These are vcalcite-carhonatites" according to Streckeissen (1279).



(irio) applued seiwirate nJrne:;,iik hel Irtite, LHenite oril ringitu

to ralcite-rock domindtud by different non-oarbonates. Sther (LW/)


rufined the term "s0vite" by rectrictiny it to calcite-rod:s wifh nun-

carbohate < 10 %, dnd used the appropridte pro-fixes for fhosu rocks

carrving between 1W dfld bO hon-carbonotes ryroxehu-sevite. This lattur

prihrftle ol terminolou will be hure, whunyver iflossible. however,


thece turms will nevertheless be compared with thoiTeof Brøgger, in an attem:.1

to clear up the confusion introduced bv unfortunate use of certain terms :h

recent vear.

The following account will be subdivided on the basis of structural, texturdl

and mineralogical characteristics of the different varieties of søvites ih an

attempt to disclose any systematic variations within the area. Tentatively

6 types of søvite are defined. The importance of this subdivision is left

to future workers to decide upon.

3b2 Søvite I. This type is usually coarsegrained with a patchy appearance and

purple to grey colour. Reference sample: TH 1: 21.70 m (Fig. 2).

•
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The rock type exhibita heteroblastictexture coarsecalcite,biotiteand
magnetite crystalsand interstitial mediumgrainedcalcite,apatiteand
otherphases present. Magnetiteoften show a skeletalhabituswhere large
grains are cut into seperate elongatedpieces in opticalcontinuity with
each other,and with mainly calciteand apatitein between. This is probably
due to late magmatic resorption. Magnetitealso occur as overgrowthon
strongly elongated pyritegrains.

The coarsecalcitegrainsare zonedwith increasingdolomitecontentsalong
the rius (Cathodeluminiscence:core: orange, rim: more reddish.

Apatiteoccur as medium sized roundedsub. to anhedralgrains,often strongly
elongated,and zonedwith respectto amount of microscopicinclusions
These,which nature is not known, are cloudingthe coresof many grains,
whereas virtuallyabsentin the rims. The green amphibolesare secondary
relativeto the calcite: tiny single fibresor radialaggregatesof such along
restrictedgranulated zones,or more rarelyspreadin the massiveparts of the
rock.

No significantNb-mineralizationsare observed.

3b3 SøviteII. This type show a,coarse-grainedpatchytextureand white to blue
colour,the latterbeing due to the contentof alkaliamphibole.
(Referencesample. Th 3, 84.80 m).

Majornon-carbonatephases are blue amphibole,magnetite,biotite,apatiteand
pyrite. Among the accessorial mineralsare smalleuhedralzirkoninclusions
in calcitethe most characteristic.

Calciteis the only primarycarbonatepresent. The mineral occurtogether
with apatitein a granulartexture. A cathodeluminiscence surveyrevealeda
weak zoning patternin the coarsestcalcitegrains: orangerims and slightly
more reddishcores. The significanceof this observationis not stated.

The blueamphibole,a riebickite acc. to Andersen (1981), occur cm-sized
radialaggregates. The mineralseems colourlessi thin section. The
aggregatesare often rimmed by granularmedium grainedapatite. This apatite-
modificationas well as the matrix type are zoned in the same way as in the
SoviteI.

Magnetiteoccuras eu—to subhedralup to 1 cm large crystalswhich have
exsolved Ti-ores. Dendritic and/orskeletaldevelopmentof magnetiteare
also often observed.
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Fig. 4

This rocktype is dominated by calcite of highly variable grain sise between
1 and 0.05 mm. The calcite is zoned, i.e. it is dolomitic along grain
boundaries, which are usually uneven. The apatite grains are medium to fine
grained, sub to euhedral and often consentrated in po1youal aggregdtes.
The apatites arc full of inclusions, equally distributes, allthough some grains
enclose large (rd 0.1 mm) carbonate grains in the core. The nature of this
carbonate is not known.

Fyrite occur as rounded, often strongly elongated medium sized grains.
Occationally euhedral cubes are alsO observed. It is oftun surrounded by
secondary magnetite. Magnetite do also occur as cuhedral individual crystals,
oftun enclosing ilmenite exsolution lamellaes. Either modification are

extremely impure with large amount of calcitu inclusions, or appear as skeletal
reumants intimately intergrown with calcite.

sirkons occur as minute grains interstitidlly between or included in calcitu.

The columbite occur as eu - to anhedral homogeneous grains, < 2 mm, but are
o'ten rounded and full of intergrowths and inclusious of calcite. This
Nb-mineratindlion is common and is estimated to be comparable to max.

Nb.".

31)0 IV. This type is more finugrained, grey, otten with a wedk1y deve1oped
7to conC(.11t tViti or I ermatir ar, fica
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dnd columbite.

In addition to calcite, ankerite and dolomite are presen1 in -ignificant

comments.

Reference sample: Bh 4: 64,50 m

Eig. 5

The rock exhibits a polygonal texture of mediumgrained calcite and fine

grained apatite, the latter often concentrated in aggregation. The calcite


is soned in the way that it is rimmed by dolomite along grain boundaries and

secondary biotite + chlorite -rimlets.

An early generation of mediumgrained sub- to euhedral green biotite is

generally broken down to radial, very finegrained aggregates of brown biotite

and chlorite along the rims. Thorough alteration has caused exsolution of

quartz in the core of the biotite-grains. These altered brotites are

subcequently surrounded by anhedral finegrained aggregates of dolemite and

ankerite, and, as un outer rim of this coronalike structurc c), polygpnul


To!dium to fine ypained strengly soned apatLte.
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lhcoonirrg shows as shadingp blue in cathode luminoscope and to

extent as a decrease in density of inclusions towards the rim.

Pyrite is the most abundant opaque, occuring predominantly as < 0.05 mm

euhedral cuhes. Minor amounts ot euhedral magnetite is also observed.

Pyrochlore and columbite are intimately intergrown. They occur as euhedral,

strongly zoned, 0.05-0.1 mm large crystals. The cores are dominated by

pyrochlore, which are translucent with a deep red-hrown colour.

Towards the rim the amount of opaque columbite increase gradually within the

pyrochlore zones as "blebby" inclusions, as well as constituting separate

zones with pyrochlore as the minor phase. This mineralization is a general
feature, resulting in an estimated Nb205 -content of ca. 0.3 and 1ess than
0.5 t wt. in the whole rock.

3b6 Søvite V. This type is characterized by a very peculiar orbicular texture

defined by incomplete, often multiple complex spheres of mica + a REE-
mineral in weakly foliated søvitic material (Fig. 7). Most of the spheres
are strongly elongated (e.g. 10 : 1 : ratio between longest or shortest

axis), but some are obviously not. These latter are the most distinct

suggesting a synmagmatic origin. The average diameter is around 0.5 cm.
Reference sample is TH-12, 122,50 m (Fig. 7).

Calcite is completely dominating a]so this rock. Minor constituents are

dolomite, REE-silicates, pyrite, pyrrhotite, a fihrous mica of unknown

identity.
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1
The calcite is generally mediumgIined with uneven grainfoundaries. It is

crowded with included minerals as weIl as with two phases fluid inclusions

(gas - liquid).

The graphite spheres are zoned (Eig. 8). The spheres themselves have

unevenly distributed cores of a unidentified REE-mineral surrounded by a

green fibrous mica. Both are in coexistance with pyrite Jnd pyrrhotite.

On either sides of the spheres there is a zone of dolomite wich subsequently

are in contact with calcite.

Cc Ce>1
Elt

cc



Bøvite VI. Søvite dikes. 1n number of cores crosscutting relationship
between different types of søvites can be observed. In these cases the later
dike-like søvites are gencrally mediumgrained white to grey with low contents of
mafic minerals. In the two reference samples chosen (TH-4, 28.45 m and TH-12,
104.20 m) blue-amphibole bearing søvite (Søvite II) and a layered lamprophyric
biotite-aratite rock are cut this later generatIon (Fig. 9A and B, resp.)

')K-1 ,-(6`1(3 

cyr".

Fig. 9a

•

Big. 05 audI Um

Bquigranular cdlcite make up more than qb vol. of these dikes. The rest ls
rounded, elongated crystals of apattle crowded with very finegraine(1
unidenlified included minerals, mid ocedtiondl lidrgy} subbedral biotite-
Brystals. Thu biolites are usir.illydtueflyly dud/ore chJoritized.
NL) flh-udh(d'dlivdtion oft:k,rvud



3c Late segregations associated with søvites

A number of different rocktypes appear as segregations or dikelike bodies

within søvites. They are usually coarse grained and predominently composed

of two or more of the "phases" biotite, apatite,magnetite and Nb-oxides.

Rarely, monomineralic varieties are developed. The two most significant types

are discussed below.

3c1 Biotite-apatite rock/lamprophyre. This rocktype occur as irregularI segregations, lenses, veinlike bodies or dikes predominantly related to biotite

bearing søvites. The thickness of single bodies varies from a few millimeters

11 to more than 1 m. The small lenses and segregations are usually elongated

parallell to foliation if present in the surrounding søvite. (Fig. 10a).

I Veins and dikes do, however, often cross-cut such features (Fig. 10b),

suggesting that multiphase or continues subsolidus defor-w-'ous has taken place,

I in accordances with the -o -_usions of Sæther (1957). T''P iotite-apatite

rocks are on the other hand post-dated by intrue 1 r/ . gite I (Fig. 100),

111	

and all the present rocks have subsequently been subjected to local thorough


deformation and gneissification (Fig. 10d).

The petrography of the biotite-apatite rocks has already been introduced by

Olmore (1982), but it is intended here to go intc some more detail.

The rocks may 'e ,ssive, homogeneous without visible linear of planar

structures, cr • e well developed banding. This is defined either


compositionally by the large modal variations (e.g. 4.8 - 66.3 vol % apatite

(01more, 1982)) or variations in grain size. The interface between bands may

be planar or irregular.

The grain size varies from the coarsest biotite ue to 5 mm, to oxides less

than 0.001 mm, thereby giving the rock a heterogeneous appearance both in macro

and microscopic scale.

The major phases are biotite, apatite, fersmite, pyrochlore and columbite

with minor, or accessorial amounts of carbonate and pyrite.

ti
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Blotite occur as single and to euhedral phenochrysts or aggregates 2-0.1 mm.

The larger grains show undulating extinction and are strongly zoned. The

general pattern is a (yellowish) green core, and towards rim the mIneral is

strongly pleocroitic dark bluegreen to light brown with dark brown zones.

(Eig. llA and Fig. 3A, Olmore 1982) This correspond to chemical variations:
the core are enriched in E, Mg and Al and depleted in Si and Ee relative

to the rim. The dark brown zones are charachteristically enrIched in Fe and

TI, but depleted in F (Fig. llb). For further chemical data, se next

chapter.

A 8CDE HG

42.

3 •,

Fik. II a and b

Incluslons are comon. nese include to euhedra] vnry fine grdined
pyrochlore (and columhLte (?) ), dnd fersnjte most abundant near rim,

(Fig. 12), and occasionally d fin!.grdinedeuhedral Ta-mlneral not yet

identified (Fig. 13), and rounded pyrite and apatite. The latter may in turn

enclose pyrochlore and fersmite cry lals. Chardcterstics are also rddid1

aggregates of 0.0001-0.001 mm thick needles of fersmite (Fig. 14) with

flrowthcentres aleng rims dnd inter ! frdctures.
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in d yruriiLir lexturc interctitidl reldtiv te hietit, with dh

averdgy grain-ci:te areund 0.1 ms. The mineral may includ, large ameuntn ot

Ntroxides, both pyrochlore, columbite and ferssite.

Pyrochlore occur as euhedral, often perfect octahedral cryntals, with si;v2

rdnging from 0.001 to 0.05 mm (Fig. 15). The crystals are colourless to light

brown, locally metamict, and exhibit extensive zoning, the nature of which is not

yet identified for this rock type. As part of the zoning are also observed local

decumulations of yet unidentified inclusions of siaze <0.0001 mm. Preliminary

data show that these are enriched in Ta relative to the host pyrocitlore.

f 11
•

•

Culurfhite -tleJn.int 1.:io-of the "cormt.nri" 41)-oxden. clii :;cit ter.

umcurercen ,-IrrreertHer; : :1(1 :Si ; •1 yeneral coexintfre,, mr rlf.plfeeme:it

relt-itiontetween colufli•it- 1 1 rnmite, ,-tt;they occur iiitti':ncim, t.:<ti:r.:1.

Sth..1' i COlinhite rin ine111:;L0 ft ti fernmi t,•.
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metamictihed mineral (big. Ita). The crystais are extremely
inhemogeneous. The fersmite matrix enc1ose at least two other oxide phafies
LL;well as apatite (Fig. 15b). One of the oxides are most probably columbite.
Although the small grain size fireventha conclusive identification
Secondary carbonate appear througout the rocks as very finegrained veifilet
billings and along grain boundaries. These veinlets are up to 0.5 mm thick.

N
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3c2 Magndt hiotite- apatite rock. In this lamprophyric variety, magnetite
roaf tno domihaht b•laheh. arance IC in moht resp(2c-t:::id.,:it.ic:::

. (rt:ittJ- ct:itj iv,' 1:10,co:Irctr ,
UP r dera ly. Mt 1113: iS CCIU.Mh. dit.€2
jr is.4y1.1aS a najor "f.riffary"siiar. i7ritcand green afffblibole lh

acceshional amounts. feberence sampl .indsole regIstrated ossurenhe ih
TH-4 around 15.70 m.

The bietfte are origInally zbned, hut fh often htrongly oxidized and hrfiken
dewfito vury finegrained cleuded agEregates In which fihrous green am.rthihole

an imsortaht shahe. The xoning patt(Mn indicateh that the
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brown eulour and show just weak pleochroism. This core is overgrown
concordantly by a fine laminated, strongly pleocroitic zone of brown to dark
rudbrown colour. The outer rim of the biotites show a 7,onation in lightbrown
to rudbrown colour discordant with the former, indicatinr a brake in the growth.

Magnetite occur as up to 5 mm euhedral very impure crystals. They are crowded
with inclusions of non-opaque minerals, probably mainly apatite and biotite,
which at least appear as the larger grains.

Columbite occur as rounded sub- to anhedral homogeneous crystals of size up to
5 mm. No indications of exsolution or zoning phenomena are observed. The
columbite-content is estimated to ca. 5 vol % at this specific core section,
thereby classifying this rock type as an important source of ore if present in
larger volumes.

3c3 Magnetite- blue amphibole- apatite-rocks. This heterogcneous group of rocks
are composed dominantly of the minerals giving name to the group, in highly
variable fractions, with no or just minor amount of biotite and carbonates. The
rocks occur as concentrations of one or more of the major phases in the parent
søvitc, mostly with gradual contacts. Dike-like or cross-cutting relations,
like those exhibited by the biotite- apatite-rocks, has never been observed.
These rocks are therefore regarded as integral parts of spvite bodies.
Referanse sample in TH-3: 88.80 m (Fig. 17).

-17) S' creir-

g c.)
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From the cores, thicknesses between a few cm and 2-3 m are observed, mest
common are 10-30 cm. The grainsize is also highly variable from sample to
sample and from one phase to another.

Magnetite occurs as sub- to euhedral single crystals up 1 cm, and as up to
5 cm large aggregates (Fig. 17), often with developed octahedral exsolution
pattern.

Blue amphibole, a riebeckite (Andersen, 1981), occur as cm-sized semiradial
fibrous aggregates. Individual fibres are usually around 0.25 mm long and
less than 0.05 mm thick. The mineral is macroscopically bluish, but
colourless in microscope.

Anatite are usually subhedral rounded granular with grainsize up to 1 mn. It
is distinctly zoned: the central parts are crowded with inclusions, mcstly
carbonate (no opaques), whereas the rim are free from inclusions. Secondary
minute grains and aggregates of calcite and unidentified mica are very common.
Apatite are not found in contact with blue amphibole.

Green to brown zoned biotite occur as up to 0.5 mm anhedral grains next to
magnetite crystals, and as very fine grained aggregates together with blue
amphibole. Chlorite and anhedral magnetite, up to 0.1 mm are also recorded fron
this environment.

Calcite show a granular very fine to medium grained texture in equilibrium
with as well as replacing apatite.

Pyrite occur as up to 0.1 mm and to subhedral grains dessiminated througout
the amphibole-free parts of the rocks. A strongly anisotropic sulphide (?),
not yet identified is recorded next to large magnetite crystals.

No distinct grains of Nb-oxides are observed.

OscasLonal eu:sedralgrains of sirkon are recerded !n ac,:,arentcoexistense
with apatite, SiotLte and calcite.

Apatite-rock. In Th-11 ar arcund 20 m desth is locally developet a
"sure" apatite-rock strongly T.ineralimedSy colurbite. It 2s developet within
a sequence of intermixed rauhaugites and søvites, but the structural
relation to these rocks are not clarified.

The rock is Tassive, fine to mediumgrained and has a grey to pink colour.
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3d2 kauhaugite (11). This late, multiple reneration of the rockn are not studied

in detail hy the present author. Within the Tuftehavna area they are seen an

numeroun veinlets, of thicknesnes unually lens than a Few nullirneters, cutting

the other carbonatite tyres. When outtinr nøvitterorkn, a charachteristic grey

metanomatic haloe is developed, probably due to dolontimation ot the calcite.

This alteration feature is also ohnerved dround late apatite veinlets, which

for convenience thereloro ane grouped torether with the rauhaurite (II),

a1thourh their relative are-rclaticartare n(a ln(8-tu.
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Sæther (1957) reportsa general Nb205 - contentof 0.2-0.5% wt. in the

rauhaugite(II),and low contentof apatite. In practice,however,these

contentsare of no importance,as the total volumesof these rocks are

negligible.

3e Summaryon the Nb- and P-mineralizations.

As a summaryof this petrographicaccount I will comparethe occurring rock-

tynes as potentialsourcesfor Nb-oxidesand apatite.

The rich ores are representedby what is in this reportdenotedas "late

segregations". Threeof those (see Table 1) have both apatiteand Nb-oxides

as major constituents. The fourth,which are blue amphibolebearing,has no

Nb-oxides. Magnetiteis a major phase in this one as well as in one of the

Nb-mineralized,but the latteris of subordinateimportancewhen registred

volumesin Tuftehavnais considered.

Of subeconomicimportance are the Nb-mineralizationsof differentsøvite

tynes (III with columbite;IV with pyrochloreand columbite) which also

containsubstantialamountsof apatite; the rauhaugites,which are generally
low in apatite; and apatiteveinletsassociatedwith the second generationof

rauhaugites,and the biotite-calcitefels.

So far no Nb-mineralizationare reportedfrom rocks containingblue anphibole

(søviteand segregations). The textures (fibrousradialaggregates) of
these alkali-amphibolesexclude a pure magmaticoriginof the mineral.

Chemicalconsiderationssuggestthat the necessaryalkaliesare suppliedfrom

(fenitized7) gneisses,and thereforethat thesesøviticrocks are strongly

contaminated.



-NEWOMMWEINIIMMO




Mineralizations




Rocktype Nb-oxides Apatite Magnetite

Fenites

Biotite-calcitefels x




Søvite I




x x

II II




x x

11 III x x x

11
IV x x




II
V "'




II
VI





Biotite-apatiterock (Segregatype I ) xx XX

Magnetite-biotite-apatiterock (Type II) • xx XX XX CO

Magnetite-blueamphibole-apatiterock XX X X

Apatite-rock xx XX


RauhaugiteI

Apatite veins XX

Table 1. Major mineralizationsand the relationto their host rocks.

- not enriched

x enriched

xx stronglyenriched



4. MINERALOGY

This chapter will give an uneven presentation of the mineralory of the major

rock types. For obvious reasons the activities have been concentrated on

those mineralgroups making the economic potential of the area, primarily the

Nb-oxides and apatite. The other mineral groups will be discussed to the

extent new data are available.

4a Mineral analysis.

An ARL- EMX- electronmicroprobe attached to a LINK quantitative energy-

dispersive analyzer at Mineralogisk-geologisk Museum in Oslo.

Standard settings have been:

Acceleration voltage: 15 kV

Emission current: 100 mA

Beam current: 1 • 10•7 A

The analytical detection limits defined as 20 based on counting statistics,

recalculated to wt %, are given below.

These values are aznrovimate, as they vary somewhat from phase to phase.

This is mainly related to variations in background level due to fluctuation

in amounts of interfering elements.

Si02 .26 U52OE .31

TiO2 .27 Ta205 .36

Al203 .19




Fe0 .30
Y233

•39

Nn .30 Ce20 .61

Nr0 .19 :,a20, .35

0a0 .17




.42

Na20 .24 T502 .59

K20 .13




5
.43




00 .15





2.55




cl- .11




In analytical tables positive deeeetions correspondinv to valuen bet',»n

I 6.-erI 2 or"are
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The energy-dispersive analyses of Ta do however introduce a separate problem

because of the Ta-peaks complexity and overlap with other elements. This

problem are not yet fully overcome, and have resulted in low reliability upon

exactly stated high Ta-values, despite good reproducability.

To control the quality on the different elements a number of pre-analyzed

standards, minerals and glasses, are analyzed as unknowns.

Data on three apatites, from Gloserheia, South Norway, Durango, Mexico and

Huddersfield, Quebec are included in Table 2. A general reoroducable

agreement between the analyses and published values for CaO, Na20, P205

and 01-. A reasonable proportionality is shown by S042- although

the exact values are way off the "recommended". For the other elements the

result is at best indicative at these low amounts around or below detection

limit.

The specific problem exhibited by F- caused by three factors

Low counting rates for this light element.

The element is easily vaporized from the surface as a result

of overheating through electron bombardment. This effect has

been miniuised by defocusing the electron beam.

Overlap between the FK - line and the FeL - line making F-

analyses of Fe-bearing minerals even more dubious.

For the specific aim of detecting Mg+2, F- and Cl- in the apatites more

accurately, the eleuents were analysed on the manual snectrometers.

ADP-crystal was used for the two former, and RbAP for the latter.

4b Oxides

4b1 Pyrochlore. This cubic mineral fulfil the requirement of the general formula

X2Z206 (OH,F) where X where the X-position may be occupied by Na, Ca and

V among others, and Z by Ta and Nb (Phillips and Griffen, 1981).

It occurs inseveral mineralized rock, either intergrown with columbite or as

separate crystals, the former in søvite, the latter in biotite-apatite rock

(lamnrophyre).

The søvite-pyrochlore (Søvite IV) occurs as coarse grains (usually 0.05- 1 mm),

intimately in cyclic concentric zoning pattern with coluSite. The mineral

has a dark brown colour in transmitted light, and a reflectivily higher than
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Table -2a Microprobeanalysisof Std. 85, apatitefrom Gloserheia,
SouthNorway.

Values in "( )" are below detectionlimits,set here to be 2G.

OE (SO4 + F + Cl

-

)

Sum includesother R203 = 0,50%

OE is calculatedby the presentwriter.

Analysisby Åmli (1973).

Table - 2b Microprobeanalysisof Std. 112, apatitefrom Durargo,Mexico.

Values in "( )" are below detectionlimits,set here to be 2a.

OE (5042-+ F

-

+ Cl )

Sum includes1(203= 1,43,K20 = 0,01

Sr0 = 0,07, As205 = 0,09

Calculatedby the presentwriter:

05

Fe0 from Fe203

5042- from 303

Analysisfrom Young et al (1969).

Table - 2c Microprobeanalysisof Std. 148, apatitefrom Huddersfield,Quebec.

Values in "( )" are below detectionlimits,set here to be 2G.

OE (S04 + F + C1

-

)

Sum includesCO2 = 0,88 and H20- = 0,29

Calculatedby the presentwriter:

OE

Fe0 from Fe 0
2 3

Analysisfrom Trzcienski(1974).
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Teble - 2a




ANALYSIS






Anal. no. Date Si02 A1203 Fe0 Mg0 Ca0 N1 20 P203 Y203 Ce203 La203 SO4 F CI 10,1) 5UM

1 14/7 ,69 0 0 0 53,40 (0,14) 39,09 1,34 0 0 ,45 2,80 ,18 1,29 96,80

2 ,68 0 0 0 54,99 (.20) 40,29 ,98 (. 50) (.59) . 60 (1,83) ,20 ,92 99,74

3 ,48 0 0 (,16) 54,72 ,28 40,94 (.79) (,18) (.24) ,5I (2,53) ,19 1,19 99.83

4 (,13) na na 0 54,55 (,13) 41,23 0 0 0 (.14) (2,02) ,I6 ,9I 97,45

5 ,35 na na 0 55,90 (,13) 41,52 (,42) 0 0 0 ( ,30) ,13 ,16 98.59

Mean ,47 0 0 0 54,71 ,18 41,61 ,71 ,14 ,13 ,34 1,90 ,17 ,89 99,47

St. dev ,24




,90 ,07 ,97 ,52 ,22 ,18 ,26 ,97 ,03 ,44




Rec ended(2) ,49 na na na 54,47 na 40,67 ,71 ,I0 na na 2,92 na 1,23 98,13

Table - 26





ANALYS1S







Anal. no. Date 5102 A1203 Fe0 Mg0 Ca0 Na20 P205 Y203 Ce203 La203 SO4 F CI On1) SUM

1 14/7 ,34 0 (.13) (,11) 54,17 ,46 40,53 0 (,69) (,64) ,69 2,85 ,39 1,40 99,60

2 ,28 0 0 0 55,02 (.11) 41,27 (,24) (,34) (,16) ,87 (2,18),44 1,16 99,75

3 15/7 (,20) 0 (.18) 0 54,21 ,32 40,66 0 (,33) (,18) ,87 3,49 ,36 1,69 99,11

4 (,24) 0 (.19) 0 54,52 ,41 40,315 0 (,68) (,65) ,87 (1,68),47 ,96 99,13

5 ,50 0 .0 0 54,40 ,35 40,29 (.31) (,55) (,55) ,45 ( ,80),30 ,48 98,02

6 (,19) 0 (,19) ,32 54,85 ,56 41,64 (,11) ,79 (,75) .87 ( ,33),43 ,38 100,65

7 13/7 ,39 na ne (,17) 54,08 ,46 39,72 (,60) (,62) (,37) ,90 4,10 ,32 1,95 99,78

a (,18) na na ,25 55,49 ,38 40,82 0 (,22) (.32) ,84 (2,60),42 1,33 100,20

9 ,29 na na (.11) 55,42 ,38 41,46 0 ,92 ,76 ,84 (2,53),37 1,29 101,79

10 25/5 na (,10) 0 (.19) 55,14 .44 39,95 na 0 na na 5,35 na 2,25 98,92

11 na (,10) 0 0 55,44 .36 39,53 na (,21) na na (1,66) na ,70 96,60

12 na 0 0 0 55,51 ,46 40,65 ne (,33) na na (1,09) na ,46 97,58

13 na 0 (,21) ,26 54,62 .35 39,74 na (,16) na na 2,89 na 1,22 97,01

14 na 0 (,17) 0 55,38 ,36 ... 40,09 na 0 na na (1,81) na ,76 97,05

Mean ,29 0 ,10 ,10 54,88 ,39 40,47 ,14 ,42 ,49 ,80 2,38 ,39 1,15 99,70

St. dev. ,11.




,10 ,12 ,54 ,10 ,67 ,21 ,29 ,24 ,14 1,34 ,06 .57




Recommended2) 1 ,34 ,07 ,05 ,01 54,02 ,23 40,78





,45 3,53 ,41 1,66 98,40

TabIe - 2c





ANALYSIS







Anal. no. Date 5102 AI203 Fe0 Mg0 C.a0 N120 1,205 Y203 Ce203 La203 504 Y C1 Oal) SUM

1 14/7 1,44 0 (,19) 0 53,24 ,32 37,64 (,34) 1,34 (,44) 1,14 4,18 0 1,95 98,02
2 1,23 0 0 0 53,87 ,26 37,78 0 1,28 (,20) 1,08 3,10 0 1,49 97,31
3 1,07 0 0 0 53,14 (,13) 37,60 0 1,06 (.43) 1,11 3,49 0 1,65 96,38
4 13/7 1,07 na na (,10) 53,95 (,I2) 37,44 1,02 1,41 ,81 ,8I (2,12) 0 1,02 97,83

Mean 1,20 0 0 0 53,55 ,21 37,62 ,34 1,27 .47 1,04 3,22 0 1,53 97,39
St. dev. ,18





,42 ,I0 ,I4 ,48 ,15 ,25 ,15 .86 .39




Reccommended2) 1,75 na ,I2 na 53,66 ,28 38,08 ,I5 1,22 ,44 ,87 3,90 na 1,73 99,91



M--11= -11M- _1•1• a a sIONNWE

S=p1e No. Point Nb205 Ta005 TiO2 1.30 Fe0 Mn0Al203 • Ce2033 Mg0 Ca0 Na20 F- Sum




3.95 m 1 .1 63.1 0 4.1 0 0 0 0 0 tr 19.2 7.0 8.0 99.8




1.2 67.6 0 3.8 0 tr 0 0 0 tr 18.7 6.4 6.5 96.4




1.3 67.6 0 3.1 0 tr tr 0 0 tr 17.5 7.3 5.0 95.5




1.12 67.2 tr 3.6 tr 0 0 tr 0 tr 18.8 6.3 8.7 95.9
11




3/4 57.6 2.3 3.6 0 .3 0 2.6 0 tr 21.8 tr 3.8 88.2
111- 1 3.95 m 1.4 63.6 .5 4.2 0 .3 0 .8 0 .3 16.6 6.3 5.9 92.6




Table 3.

1.5 68.6 3.4 0

Selected microprobe analysis of pyrochlores

0 tr

from biotite- apatite rock

0 19.1

(lamprophyre).

6.2 6.3 97.3

Sums do not include F.


traces



that of the associatedcolumhite. It is crowdedwith includedphases,quartz

and pyrite are registered. Preliminarydata on the chemistryindicatethat

this m dificationis high in V (^r5 % wt) and Ta (0--10% wt), and are to

a certainextent in accordancewiththeCa-pyrochloresreportedby Mariano

(1980).

The "lamprophyre- pyrochlores" are alreadydescribedin Ch. 3c1, Fig. 15.

They are characteristicallycolourlessto light brown,and exhibitvery strong

internalreflections. The grain size varies from 0.001 to 0.05 mm. The


chemistryis ratheruniform,as shownby selectedanalysislisted in table 3.

They are characterizedby relativelyhigh contentsof Ti, Ca, Na, and F-,

hereas Ta, V and Fe are low or virtuallyabsent. Noteworthy are the

possitivecorrelationbetween Ta and Fe enrichmentsand Nb and Na

depletions.

4b2 Columbite. This orthorombic mineral is the most widely distributed

Nb-mineral,reportedfrom søvites,lamprophyresand rauhaugites. It is always

opaque,and anisotropicwith a grey colour in reflectedlight. The mineral's

ideal fornula is XZ206 where the X-positionmost commonlyare occupiedby

Fe and Mn, and the Z-positionby Nb and Ta. However,chemistry,as well as

size and texturalrelationsto adjacentphasesare highlyvariable.

Columbitein "SøviteIII" occur as anhedral,oftenroundedgrains,with size

less than 2 mm. Chemical analysesof two grains indicatehigh Fe and low

Ti and Ta relativeto the othermddifications (Table4).

Colunbitein "SøviteIV" are intimatelyintergrownwith pyrochlorein zoned,

euhedral,up to 0.1 nm crystals. They are roundedwith very finegrained

inclusion of pyriteand a silicaphase (accordingto chemicalindications).

The columbitecrystalsare chenicallyinhomogeneous,but generallylower in

Nb and higher in Ta than average (Table 4).

Co1urbite 5s a subordisate shase in biot!te-apatite rock where it occur

closely assosiated with and brobably in a replacement relation to fersmite, is

is not easily separated ottically from the latter desPite 5ts higher

reflectivity. Very fine grained inclusions in fersmite fulfil this

requirement (Fig. 15), but are unfortunately too finegrained to he identified

by use of microprobe. Analysis of definite grains are given in Tahle 4.

They show the lowest Nn-values and are also relatively low in Ta.

Colurbite 1s, however, the macr phase in magnetite-hictire-,2



Sample




Point Rock Type Nb205 Ta205

Analysis

Ti02 A1203 Sc203 Y203 0e20
3

Fe0 Mn0 Mg0 Ca0 Na20 UO3 1:




TH-3 58.40 1 B Søvite III 76.1 0 2.1 tr




0 20.3 1.2 tr .3 tr tr 100.0




TH-3 58.40 1 C Søvite III 73.6 0 2.6 0




0 19.7 .9 0 1.8 tr 0 98.6




TH-4 64.50 2 B Søvite IV 69.0 5.6 4.2 tr




0 19.0 1.5 tr .2 0 0 99.5




TH-4 64.50 2 D Søvite IV 66.4 4.2 4.4 .4




.9 17.9 1.3 .3 .8 tr 0 95.8




TH-1 3.95 1.7 Bi-ap-rock 72.6 .4 5.8 0




0 18.7 .4 .6 1.9 0 0 100.4




TH-1 3.95 7.4 Bi-ap-rock 74.5 0 4.5 0




0 18.4 .8 .7 .9 0 0 99.8




TH-1 9.60 1.3 Bi-ap-rock 68.7 1.5 7.8 .3




0 18.5 .9 .9 .5 tr 0 99.1




113-4 16.70 1 B Mgt-bi-ap-rock 63.9 8.3 4.0 1.1




.9 16.7 1.2 2.5 .9 tr 0 99.5




7H-4 16.70 1 D Mgt-bi-ap-rock 73.0 .4 5.8





tr 19.8 1.3 .3 .3 tr 0 100.9




TH-II 20.10 1 A/B Ap-rock 73.3 2.4 2.8 tr




0 19.0 1.1 .3 .7 0 0 99.6 ITH-I1 20.10 1 C AD-rock 67.4 2.7 2.5 .2




0 17.1 1.2 tr 5.3 0 0 96.4 w

-4TH-11 20.10 1 D/E Ap-rock 73.7 2.6 3.3 0




0 19.5 .9 .3 .7 tr 0 101.0 1
FV-23




1 Rauhaugite II 71.69




6.16




.67 .94




20.55 2.99 <0.5




103.00




FV-23




2 Rauhaugite II 65.91




6.05




1.32 .66




20.14 3.25 <0.5




97.33




57-23




3 Rauhaugite II 69.77




5.50




.38 .73




19.76 3.45 (.0.5




99.59




FV-23




4 Rauhaugite II 69.89




5.84




.64 .90




20.59 2.84 <0.5




100.70




FV-23




5 Rauhaugite II 68.69




6.23




1.12 1.30




19.72 3.00 <0.5




100.06




57-28




6 Rauhaugite II 71.40




5.74




2.74 .65




17.49




<0.5




98.02




FV-28




7 Rauhaugite II 71.78




5.16




.73 .46




20.67




<0.5




98.80




Table 4. Microprobe analysis of columbite from different rocktypes from
the Tuftehavna area, and for comparison from rauhaugite II W of

- Fensgruvene (Amli, 1974, samples FV-23 and FV-28, Wavelength dispersive
analysis).

"tr" = traces
Blank = not analyzed
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Opticallythe mineralis homogeneouswith no sign of zoningor includedor
exsolvedopaquephases. However,the mineral is crowdedwith non-opaque
phases,of which one is identifiedas a thorium-silicate,probablythorite.
Analysisof the columbite,listedin Table 4, show variable,but significant
contentsof Ta and Ce, and a positivecorrelationbetweenthese elements
and Mg and Al.

Columbiteis also the major ore mineralin anatite-rock, where it occur as
mm-sizedsubhedral,roundedcrystals,poicilitically enclosingnedium to
fine-grainedsubhedralapatite. The chemistryvariessomewhat indicating
thouroughinhomogenities The high Ca (Ca0 = 5.3 %) in bt. lc, a rim

positionin the analyzedgrains, may be due to interferencefrom included
fersmitenot registredoptically,or possiblya solidsolutionbetweenthe two
structurallycloselyrelatedminerals. The Ta-contentsare noteworthyabove
2 % (wt % Ta205).

Colunbitein rauhaugites has not been studiedby the presentauthor. Anli
(1974) has analyzedcolumbitesfrom rauhaugiteII sampledwest of Fens-
gruvene. His analyses (see Table 4) show strong enrichmentin Mn, Sc and
Y. The two latterelementshave not been found in significicant amountsin
any columbitesanalyzedduring the courceof the presentstudy.

4b3 Fersmite. Fersmiteis an orthorombig mineralwith idealformula
XZ2 (O, OH, F)5 where X is representedby Ca, Ce, Na and Z by
Nb, Ti, Fe, Al accordingto Fhillips& Griffin (1981). Brieflyspeakingthis
means that fersmiteis chemicallyrelatedto columbiteby exchanging Fe with
Ca in the X-position. The chargeeffectof other substitutions is
balancedby substitutionof OH- and F- for 0

The firm existenceof this mineralin Norwayhas not yet been published.
V. d. Veen (1960) suggeststhat the phase "intermediatebetweenkoppitp
and colurbite" describedby Sørum (1955) from Søve is actuallyfersmite.
Mariano (1980) reportsextensivezoningin nyrochloresfrom the Hydro Quarry
hy Søve. Some of these zone segments consistsmostly of Ca and Nb (eg.
figs Sb and 6b, Mariano,1980),but by containing virtuallyno Na they are
not resemblingknown Ca-pyrochloresfrom the Fen Complex. On the otherhand
these spectraseems identificalwith the one presentedin fig. 10b (fromthe
Vipetoarea),which is identifiedas a fersmite,althoughnot "isostructural
with pyrochlore" as c1aimedon p. 20 (Mariano1980),but with columbite.
However,as no analysiscorrespondingto these spectraare recordedin his
tables,no stoechiometricscalcuLationcan be carriedout to ccntrelthn
identfty.



In the Tuftehavna material fersmite is only registred in the biotite-apatite,

there being the major Nb-oxide. The general node of occurance is described

in Ch. 3 (C.f. Figs. 12,14 and 16). I will therefore turn directly to the


chemical data available.

In Table 5 analysis of fersmites from five split cores from TH-1 are listed.

The major elements are Ca, Nb and Ti whereas the mineral is generally low in

Ta and REE. The F-contents are generally below detection limit, but still

listed (in "( )" ) for the purpose of calculating of structural formulas,

which are based on (6 oxygens F-) in the unit cell. These calculations


verify the dominance of Ca in X-position and Nb in Z-position in the structure.

The fersmites are earlier (in Ch. 3) shown to be extremely heterogeneous.

This is generally not reflected in chemical data, which suggests that the

heterogeneities are chemically closely related to the host. An example would

be the suggested columbite inclusion, which specifically could account for

the observed variations in Fe-contents.

4b4 Ta-mineral. An unidentified Ta-rich mineral is observed occationally in

biotite- apatite-rock. It is usually euhedral, strongly zoned and

"contaminated" by silicates (Fig. 13). Grainsize is usually less than 0.1 mm.

The mineral appear to be isotroPic, but optically heterogeneous: Partly

translucent with light brown colour, partly metamictized. It has a greyish

colour in reflected light.

Preliminary chemical data on the core, which are the most Ta-rich, give appx.

45 % Ta205' 25 % Nb205 and between 8 and 0.4 % of Ca, Ti, Al, U, Fe, Na

and Mg -oxides listed in downward order, summing to 91.5 %.

4b5 Magnetite. The magnetites are not studied in any detail, and just

qualitative data are obtained. These include the general observation of

ilmenite exsolution lamellaes. Furthermore these seem to be a general feature

that the magnetites from sovites are enriched in V. Tom Andersen (per.comm.)

have obtained up to 1.15 % V203 by microprobe analysis. On the other hand

magnetites from magnetite- biotite- apatite-rock are virtually free from

vanadium.

4c Apatite chemistry

Microprobe analysis have been carried out on apatites from the major rock


types within the area. In addition on the routine energy-despersionbased
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( .•) 94.1

1.10 06 19.1 0 tr




991.7
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full analysis,more carefulindividualanalysisare carriedout for Mg, Cl

and F- to fix these constituents' variationsrelativeto specific

industrialwants.

As is shown in Table 6, the variationsare generallysmall. Charachteristic

are:

Ca0: 54-56wt %

Na20: 0.2-0.4 wt %

P205: 40.3-41.3wt %

2.5-4.0 wt %

Cl- : 0.04-0.12wt % (Av. 0.07 %) and

Mg0 0.10 wt %

Contentsof Si02' Al203' Fe0, Ce203 and La203 are low and irregular.

The only traces of chemicalzoningare exhibitedby Cl which is significantly

enrichedalong grain boundaries (cf. TH-1, 9.60 m 1C vz. 1D, Table 6).

Whetherthis is a generalphenomenonor is restrictedto certainrocktypes,

samplesor structuralfeaturesis not yet ascertained.

The calculatedstructuralformulaes indicatea deficiencyin the P-position

suggestinga significantsubstitutionof C (in the form of (0030H)3-?)

for PO4 Takingthis, as well as the substitutionsof OH- for F- and Cl-,


into accountthe probablefull compositionof the analyzedapatitesmay be

expressedas

(Ca4.90-4.98A10-0.02Mg0-0.01"0.02-0.07) (P2.84-2.92Si0-0.4

s0-0.01c0.05-0.16)012 (F0.70-1.00C10-0.2080-0.28)

The indicatedcontentof C is comparable

1.4 wt %. This parameter,if confirmedby

the most criticalwhen consideringthe Fen

industrialproductionof fertilizers. The

by Lenning (1982) are met with as far as

Complicationsarisingfrom impuritiesin a

of the discussionsin this chapter.

to CO2-contentsbetween 0.4 and

laterdirectanalysis,seem to be

apatitesas possiblesource of

other qualityrequirementsoutlined

the apatiteitselfis concerned.

concentrateare outsidethe scope
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2- I)SAMPLE POINT REF METHOD ROCK TYPE 5102 A1203 Fe0 Mg0 Ca0 NA20 P205 Ce203 1A 203 504




Cl- Or. SE71

3.95 m 1 25/5 EDX Bi ap-rock na 0 0 0 54.5 ,2 39,8 nA tr nA na t r ( 2 . 4 ) nn .,




14/7 "




tr 0 tr 55.0 ,3 40,7 0 tr 0 ,2 3.0 n 1,4 a7,8




" speccr




0




3.5 ,04 1,6

2 25/5 EDX




na ,2 0 ,2 54.6 ,3 40,4 na 0 nA nA tr(1.8) na ,8 4A,7

2 14/7 "




,3 ,2 0 tr 55,4 ,2 41,3 tr tr 0 tr tr(2.6) 0 1,1 98,9




" spectr




0




3.3 p5 1,4 99,4

4 25/5 EDX




0a ,2 Er tr na tr 41,0 na tr na ns tr(1,9) na ,8 98,0

751-18,35 m 1 25/5 " Bi Ap-rock na 0 0 tr 55,9 ,2 40,9 nA 0 nA na tr(2.4) na 1,8 98,4




15/7 spectr




0




3.5 ,05 1,5 99,1

2 " EDX




tr tr 0 tr 55,0 ,4 40,8 0 tr tr tr 4.3 0 1,8 98,3




" spectr




0




4.2 ,05 1,8 98,3

71i 9,60 m 1A 14/7 EDX Bi ap-rock ,3 tr 0 0 56,4 ,3 40,9 0 0 0 ,3 0 ,12 ,1 98,2




spectr





0




4.0 ,12 1,8 100,5

1B




EDX




tr 0 0 0 55,9 ,2 41,3 0 tr tr tr 2.8 0 1,2 99,0




spectr





0




2.8 ,081,2 99,1

1C " EDX




0 0 0 56,4 ,4 42,0 0 tr tr tr tr(2,0) 0 ,8 100,2




9 spectr





0




3.0 ,11 1,3 l'0,9

1D " EDX




tr 0 0 Er 55,9 ,4 41,7 0 tr 0 tr tr(1,8) 0 .8 89,0




apectr





0




0.4 ,08 1,4 1:1,1

3 25/5 EDX




r2 0 0 ,3 55,7 ,4 41,0 na tr nA na 0(.9) Ra .4 97,9
7RI-1 4,40 m 1 25/5 EDX 110V te. nå Er 0 0 56,1 ,3 40,8 na 0 nn nm tr(1.4) na ,6 98,0

1 14/7 "




,2 0 0 0 54,8 ,3 40,3 0 0 0 tr tr(2,3) 0 ,9 96,9




" spectr





0




3.3 ,07 1,4 97,6

711-3 12,70m 1 15/7 EDX Ngt-bi-ap-

rock

,5 0 tr ,2 54,3 ,2 40,4 0 0 0 tr tr(2,3) 0 1,0 96,9




" spectr





0




3.0 ,06 1,3 97,4

2 " EDX




tr tr Er .2 54,0 tr 40,1 tr 0 0 tr tr09) 0 .4 94 .8




mpectr





0




2.9 ,05 1,2
3 " EDX




.3 ,2 0 tr 55,0 tr 40,8 0 tr 0 ,4 tr(I,7) o




" spectr





0




3.0 ,65 1,k aS,:,
3 38,25 I " EDX Ap-vein tr 0 ,4 ,3 54,4 ,4 40,6 0 0 0 tr 2.6 0 1.1 7 7, 6




speetr





0




2.6 .(-)F 1,1 97,7
2.3 " EDX




,3 0 0 0 54,3 ,2 40,4 0 tr 0 ,1 3, 6 tr 1,h 0 7,h






0




3,4 ,I1 1.5 17.5






Table 6. Microprobe nnalysis ef apatite fren Tuftehavna, Fen.




EDX- Energy-dispersive measurements; Speetr.: "Wnve-length-

despersive" measurementa made en separate manual apeetrometers,

traces; nas not analyzed; 02 (F-+Cl +504 ).
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Table 6 contd.




Structuralformula,based on 25 0+2(011,F, C1)

Si Al Fe Mg Ca Na P Ce La S F Cl

TH-1 3,95 1




9,93 ,07 5,77




1,22




1




9,86 ,13 5,78 0,02 1,59








1,86 ,01




2




,02 ,03 9,86 ,09 5,76




,98




2 ,05 ,03




9,92 ,08 5,85




1,37








1,74 ,01




4




9,93 ,07 5,78




1,01 '
TH-1 8,35 1




9,92 ,08 5,73




1,26








1,83 ,011




2




• 9,87 ,13 5,77




2,27









2,22 ,01
TH-1 9,60 1A ,05




9,89 ,11 5,67 ,08 - ,04








1,46 ,04




1B





9,92 ,08 5,80




1,50









1,50 ,02




1C ,07




9,88 ,12 5,81




1,05









1,59 ,03




1D





9,87 ,13 5,81




,96









1,81 ,02




3




,07 9,81 ,12 5,70




,44




TH-1 4,40 1





9,92 ,08 5,72




,53





1 ,03




9,92 ,08 5,73




1,20









1,80 ,02
TH-3 12,70 1









,08




,05 9,89 ,06 5,82




1,22









1,59 ,02




2





9,94 ,06 5,83




,51









1,64 ,02




3 ,05 ,04




9,96




5,84 ,02 ,92
,s








1,62 ,01
TH-3 38,25 1




,06 9,75 ,13 5,75




1,39









1,39 ,03




2/3




,07 9,93 ,07 5,82 ,03 1,96









1,85 ,03



4d SITHcates

The silicates occuring in rocks from the Tuftehavna area have not received

the attention deserved. For uetroEenetic and metallogenetic purposes, the

intention was originally to "map" the chemical variations for the most

widely distributed silicates and correlate such data with rhose of related

phases, oxides, carbonates, phosphates and sulfides. This program is not

fulfilled, and the sole data presented here are on biotites from the

lamprophyric rocks: biotize-apatite rocks and magnetite- hiotLze- apa

rocks.

The biotite-phenochryst of these rocks are zoned, often cyclically. The zoning

parrern in hiotites from hiotite- apatite-rocks are described in Ch. 3.

The underlying data (Table 7) show that they are nagnesian (g/Fe-ratios

are berween 5 and 9) although not as magnesian as the one analysis from a

sovize (pers.comm. S. Olmore). Qualitative data on biotites from a magnetite-

biotite- anatite- rock show a similar Mg-rich core, but a much stronEer Fe-

er4ch=nt towa-rdsthe deep brown rim.

All listed biotites are charachteristically low in Ti, contrary to the biotites

from dazitzernitesreported by Griffin a-Taylor (1975) with

"routinefluorine-analysis would normally be of limited value Ln a rich

2hase, bemause of the overlap between the emmloyed F Trlines ot-idre

ahe xmected or=ortitmality between asparens T aet Ta Oletecic•s bave

mot stowm unt Trom Tig. II it can be seen tbat the two maram:2trs ame cartly

onal sug sting tnal:fcr sene rucs, :.ont crt2

rntiable.



Sample




Point 5102 Ti02 Al20
 3

Fc0 kIn0 MgC Ca0 Na20 K20 F-



TH-1 3.95 1 A core 40.2 0.3 11.5 4,4 tr 25.3 0 .3 10.2 2.4 94.6
TH-1 3.95 1 B L 40.7 0.5 10.8 6.0 0 24.6 0 tr 10.4 3.9 96.9
TH-1 3.95 1 C rim 40.7 0,6 11.7 6.6 0 23.4 tr .3 11.0 5.4 99.7
TH-1 8.35 1 A core 40.3 0.5 12.5 4.9 tr 25.0 0




10.2 3.0 96.9
TH-1 8.35 1 B 40.3 0.5 12.0 4.7 0 25.2 0 .4 10.3 3.4 97.6
TH-1 8.35 1 C , 41.2 0.6 11.5 7.5 tr 23.0 0 0 10.8 3.5 29.1
TE-1 8.35 1 D




41.4 0.4 11.8 5.5 0 25.4 0 C 11.0 5.2 100.7
TH-1 8.35 1 E v 41.7 0.8 11.3 7.0 0 23.3 0 0 10.4 4.0 98.5
TE-1 8.35 1 F rim 42.5 0.5 11.4 6.8 tr 23.2 tr tr 10.7 4.7 198.9
TH-1 8.35 1 G core 40.0 0.5 12.5 4.9 tr 25.3 n .4 9.9 5.0 98.5




I









TE-1 8.35 1 H 40.5 0.5 11.6 6.6 0 23.9 c t:r 10.6 5.0 CS.L
TH-1 8.35 1 I rim 41.9 0.5 12.2 6.0 0 24.0 0 tr 10,7 3.8 95.1
TH-1 9.60 1 A 40.8 0.3 10.5 5•9 0 24.8 0 0 10.6 4.2 97.1

F-0014




41.33 .27 11.15 2.7 u.a 27.86 1.33 n.J 9.93 1.94 99.92

Table 7. Microprobe analysis of biotites from biotite- apatite rock from Tuftehavna
(TH-1 -samples dnalyst H.Q.), and from Savite (?) from the Hydro Quarry
(8-0014, analyst A.T. Cunow, Colorado).

Sums include P- but are not adjusLed for P- = 02-.

%SUM2 of nample P 3.72 (by (unow,-0014also includes calculated H 0

Ders. comm. Olmore).
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reard the gLven results as inc ef reascnable qual th,..rebytakinr into

	

account anal7t nrobl= .d tc th tlet=c Hnusual"

bulk cuenismny and the :tethods•)1Loyed.

cha ter.
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Table 8





Depth (m) Lab. Hb205 Ta205 Y203 1h02 Ce02 U308

2.35 - 3 SI 6.15 .062 .014 .024 .18 .032




Louv1ers 6.93 .054 .008 .018 .230 .18




IFE 5.0 .107




.022

3 - 4 SI 3.86 .028 .015 .012 .14 .025




Louviers 2.95 .024 .009 .010 .213 .13




IFE 2.6 .038




.017

4 - 5 SI 4.00 .032 .010 .10 .017




Louviers 3.07 .021 .006 .006 .135 .005




IFE 2.8 .037




.008

5 - 6 SI 3.43 .010 .011 .11 .008




Louviers 2.92 .012 .007 .006 .197 .005




IFE 2.2 .013




<.006

6 - 7 SI 5.43 .039 .011 .006 .14 .024




Louviers 5.61 .038 .007 .012 .141 .011




IFE 4.4 .057




.015

7 - 8 SI 4.43 .033 .011 .14 .018




Louviers 3.82 .022. .006 .005 .177 .008




IFE





8 - 9 SI 6.79 .053 .010 .030 .16 .032




Louviers 7.96 .057 .009 .038 .223 .016




IFE 5.3 .069




.021

9 - 10 SI 4.72 .049 .017 .038 .16 .032




Louviers 4.67 .041 .007 .032 .204 .017




IFE 3.3 .063




.021

10 - 11 SI 2.00 .049 .015 .051 .09 .026




Louviers 1.47 .034 .009 .047 .146 .014




IFE 1.3 .050




.017

11 - 12 SI 1.43 .027 .016 .027 .12 .010




Louviers






IFE .7 .024




.011

Table 8. Chemical analysis of samples from TH-1, 2.35 - 12.0 m




by three independant laboratories.




SI: Sentralinstitutc for industriell forskning (XRF).



Ccr-t-lationsof main cxides

Plate nresent the results for 8fl35 e.20 n and32'3
respe001 . These plazes arh tranonarent overiavs c shgned zo fit dLrectly

onto each ofter,the lithologica1 erill-logs (Plate 2), or •he geophysical
core date (Plate 9 and 12), ther:.b.vuaking the ccnditionLsfavourable for the
reader to nake her 's own conclus1ons. I will therefore confirirthe
discussion to make some com.nnentson ohe illustrations and the relations
betwflenthe76.

Plate 5.205 show major enrichrents through the lamprophyric rocks,
mainly biotite-apatite rocks, but also related to magnetite-rich varieties,
as in TH-4 and 566-12. The large volumes of :Zh-enrichmentare resresented
by biotite-calcite fels and fenitic rocks in 77-1. However, this enrichment
is not strong enough to be of economical interest.

The major Nb-dePletion is shown by the sevites containing blue amchibole.

Plate 6. Ta205 is enriched in the biotite- apatite- rocks and to some
extent in rauhaugite I and apatLte-rich sovites. Che enrichuent related
to fenitic rocks etc. is not as pronounced as for N'5. a.g. in TH-1, there
is some Ta-rich zones between 125 and 155 m nartly related to biotite-
calcte =flls,H.,ntthe Ta-ccntent decreases further downwards.

Plate 7. is of coursereflec:i ug the apatite contents in the -ocks
and are therefore enriched in sdviaes, launrorhonLe rooks and ozher "date
segregations" and apatite veinlets. Relative low P-contents is found in
rauhaugites and fenitic rocks.

Plate 8. The higher30-contents are found well distributed between
the different rock types. On the other hand moderate enrichment is
specifically related to biotite- apatite rocks, whereas the other major
rocktypes do not show any distinct pattern in this resnect.



-

5b Chenical correlation.

The correlation between NI (Plate 5) and Ta (Plate E) is very good and

generally independar...:of rock tvce. The correlation with ? (Plate 7) is

also good, althrough the latter elegent show a f..uchwider distribution of

enrich=t, escecially in scvite rocks. Correlation with (Plate 8) Ls


not so well pronounced, with a wide range of rock tynes contributing to the

higher values.

The correlation between 7a and r is zenerally goo . secticns enrichee

in Ta are also enriched in P, but the opcosite is not always the case, e.g.

in acatite veins in TH-7, ae in -fneblue anchibole- nagnetite- acati:e

segregations. The correlation between Ta and U is very good and generally

indeceneant of rocktypes.

The correlation between P and U is not very good, illustrating the lack of

enrichment of U in afatite-rich rocks.



_

wall alsd Incluee - d:uatf. f grayl=try

as a pcssible tcol for detectLng mineralized lamprophyres wit.hin the

Fen Complcx.

5a Yagnetic Susceptibility

d directly cn =eLsdur:: e erill cores, mager:_c
Suj,_

give a (semi-) quantitative measure for the content of feromagnetic mi erals,

L.e. here mcstly magnetite.

Plate 9 presents the results of these measurements from Tuftehavna cores.

:t should b5 noted at this stage that the eata used ine

cbtain 1 workerd, ur 	
exactly the ram.,

The hiotite-

magnetite at all (e.g. see tcd:of TE-1), as 's also the

vardetLes are

However, the general aporoaoh --s deen to make a memer

(=ually r
L.

;
• '2===e:i

resulting in inconcis ncied like the onc,demonstrated bv Tfl-12,127.5 m:

coriter.t.

apatite rock has no

case with most fenites ane bictite- calcite fels (lower part of TE-1) and

the raunaugites.

2amma-ray mea.d'

ne y -ray measurcments ar obottet in Plate 'C :_arrevaLue: show uniform

Icw or interm.idlate values. The anc:malcus high val= are confLnee mosmy

to occurences of apatire rich søvites, Diotite- apatite rocks, magnetite-

blue amphihole apatite segregations and rauhaugite II.



-relatisn se:w. y
suscenti iiity is not very gon.d. ror the g.o. re:Æeuf
hiotEte- apatite rocks the correlaiion is. he h rhest correlation

is enhib4ted by the magnetite-hearing nerregaion, orwhich soge aro aloo

;:b-enriched. (7h-4, 16.5 g and TH-12, 5.E g).

Thore is no indication that snvites adjdcent to stronrle ninerajicod hictite-

anatite rocks are low in magnetite. Eather on the contrary, these ginerali-

sations show a definite affinity t.orthe tilu ,h;hcEie(and often gagnetite-

rich) sovites, as is also indicated on Plate 1, the reological map.

(1';,onhyscaT-geohemicalcorrelatLon

Low gEgnetic suscentibility and hirh


guides to strcngly mineralisodbioti

rocko o5 this ty:ne,do also less )t-rritic: (Th-5 and "E-7).

On the other hand the gineralnat'ons gnrnetite- bue agnhibole tiotite ronk

gay also be of economic Tmportance.

Relat'vely good correlation is shown between y-ray ir ensity and P-contents
(Elate 7), nossibly relatinr y -

Inc las relation to ne gentioned nore

(Plate E). The corr-niaticnis

ce-nt Luting st=ngly to tue totai y

are

Cravigetric studies

The gravity ancgalies across the ren Cogtlex are frog the work of Ragberg

(1964, 1973). The regional EravitY high surr.esta doginance at denth of denser

rock tynes, like dagtjernite or vipetoi: ;homea t:v higher narbenates

doginates at sur=ace level.

The "Inure" varieties of the major rock types exhibit distinct density

contrasts. Due to extensive compositional overlap these contrasts are in

variable degree reduced, hut should still be sufficient for detecting a

E-dinentiona: distributicnal uattern.
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data on ghe gajor rock types ,r:,(ose
densigy data on irTortant rock types appearing locally ar Tuftehavna as sell
as on major rock types occuring regionally within the Fen Complex are compiled
in Table 9, together with their compositional charachteristics.

The an icipated densities are calculated on the basis of rough retrographic
data, variations in modal composition and re5erence data on mineral densities.
(5hi11ips & Griffen 1981, Deer, Hosie 3 Zussmann 1963).

Despine he obvious uncertainties involved in ghese data, aney clearly
indicate that the apatite, magnetite and/or ?:b-richrock-types are among the
densest occuring in the Fen Complex and the densest sithin the restricted area.

A series of measurements carried out at the Mineralogical-geologica1 museum
on split core segments from Drillholes 1 and 3 give densities betseen 3.06

3and 3.21 g/cm (Table 10) on 1amprophyric rocks. The intension is that this
sampling should cover a reasonable large range of textural and compositional
variations exhibited by this rock ty5e. :-:owever,none of the sa=les centagned
suoszantaal ae.:ountsoe=magnemite, shich 11 inerease ene SensT:ties.

This rentative survey suggests thar detailed gravity studiEs do certainly
represent an artractive explorailon merhod for localizing new Nb-mineralization.



-0011111•=1--MOM OMMINI
Table 9

Major phases Aniticipaled
(falling order of importance) density range


Ce-bi-blue amph-mgt-al

Mgt-blue amph-ap-bi-Ce 4.0-5.2

Blue amph-mgt-ap-bi-Cc 3.0-3.5

Bi-ap-Nb-oxides+/-mgt
C

2.87-3.16

leasured:3.06-3.21

Data from Ramberg 1973
Mean density Density range

2.80 2.73-2.90




Rock type

Søvite

Magnetite-segregation
(Mgt>50%)

Blue amph
(b.a.>50%)

Biotite-apatite rock

Rauhaugite I Ank-dol-Cc-ap-Cb




2.91 2.81-2.99




Rauhaugite II Ank-dol-Ce-chl




Apatite Ap-dol 2.86-3.2







(11
Rodberg Cc-hm




2.95 2.86-3.06




Biotite-calcite fels) Bi-Cc-px-chl-ap-ab-





Holla te/Kåsenite etc. -blue amph-sph




2.88 2.83-2.96




Fenite Alk.fsp.-px-amph-ap-sph-zr-py




2.71 2.68-2.77




Damkjernite Bi-amph-px-ol




3.08 3.05-3.09




Damkjernite breccia + country rock




2.94 2.78-3.12




Vipetoite Px-amph-vi




3.11 2.92-3.26




Melteigite Px-Ne




3.13 3.02-3.18




Ijolite Px-Ne




2.92 2.80-2.99




Urtite Ne-px-bi




2.64




Tinguaite Alk.fsp. -Ne -px




2.78 2.76-2.84




Tuf

tehavna



Drillhole no. in Density g/cm3

1 3,95 3,17

	

6,75 3,06

	

8,35 3,12

	

9,60 3,15

	

9,70 3,12

	

11,15 2,99

3 34,15 3,21

	

35,80 3,08

Table 10 Density determinations on split core segments of

lamprophyric rocks from Tuftehavna. Drillhole no. 1; 11.15 m is

impure, by containing appx. 50% spvite.



7. NETALLOGENETIC CONSIDERATIONS

The rock types occuring in the Tuftehavna area represent a sequence of magnotc

and pptascmatic events, more cr less well-definnd and senarated. Ysst of these

events are related to different types of Nb-mineralizations, as described in

preceding chaoters. No thoropzh account on the mptallogeny of all these

types can be given at present. I will instead just sum up the vain characte-

ristic for the type of mineralization which have attrachted most attention

during the last period of exploration in Tuftehavna: the lamprophyric

bictite- apatite rocks.

The biotite- apatite rocks are strongly related to the søvites. Partly they

cccur interlayered, partly the biotite- apatite rock crosscut the sovite there

by postdating it. All the major phases, probably also including the ore

minerals found in the bictite- apatite rock do also anpear in mIneralized

savites. These include biotite, apatite, pyrochlcre, columhite and probably

also fersmite.

The rauhaugites on the other hand are, whenever the relations can be observed,

later than the biotite- apatite rocks, and exhibit quite a different mineral

paragenesis: They are generally'low in apatite and biotite, and the pre-

dominant ISz-mineralis columbite.

It is therefore concluded that the biotite- apatite rocks are genetically

related to the sovites, in which they are ebolaced. It is suggested that they

reoresent late magmatic differentiates from the søvitic magma, and that they

have suffered from syn to post magmatic mobilization :eading to the commonly

observered crosscutting relationship.

The Nb-minerals are regarded as generall having a primary origin. The

pyrochlores cccur as perfect euhedral crystal, showing no textural or chemical

sign of pseudomorphism. The primary origin of the fersmite is for internal

textural reasons somewhat obscure. It is here referred to the numerous

oartly unidentified phases included or intergrown with the fersmite. However,

the crystal forms, as well as the coexistence with unaltered pyrochlore

exclude the possibility of pseudomorphism from pyrochlore. Pseudomornhism


from columbite is also regarded as hardly prohable, with reference to the

considerable amount of Fe which then would have had to he moved away from the

system considered. It is therefore concluded that the included minerals either

are primary inclusions or exsolved postmagmatically from the primary fersmite.



8. RSCOMMANSATION

In the Tuftchavna area we have had the possibility to study the only known
occurence •ithin the Pen Complex of strongly mineralized lamprophyric rocks.
Consequantly there is not the faintest statistical reason to snsgest that
this is a typical occurence of these important rocktypes. With this strogg
reservation in mind, the Tuftehavna story points towards ssvitic dcmaiga.
The dis,aAce to enclosinz country rock is small, but that is nrobably gct
diagostio as the distance would never be very large in this wedge-shobed part
of the sovite body (see key map, Plate 1). Magnetic properties are diognostic,
as magnetite is either lacking completely or very abundant in the mineralized
rock types. y -radiation may be diagnostic in sovitic terrains where the
lamprophyres would bc among the most radioactive, comparable with rrdbers and
massive ranhavgites. Specific gravity is diagnostic separatigg migeralisen
lamgrophyres from fenites, sevite and rauhaugites, but not frcm rodSerg sr
not-mineralized lamprophyres like the damkjernites.

My recommrandationwould therefore be to concentrate the efforts to sovitic
bodies, which exhibit high y -radiation, magnetic high or low, and
gravity
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/enolith of syenitic fenitw _h
Alteration to bictitc- oalc
5-•114ngthe joints.

t;1.10m.

2 Sevite 1.

75-1, 21.70 E.

text for details.

2 a. SciviteII,

75-3, 84.80 m

5. Y.icrophoto o5 zone. ic10e1 nicols. horiz .idth ca 2 cm.
White: calcite and ar. e; grey: blue amrhibole;

brown: biotite, and black: magnetite and pyrite.

See text for details.

Sevite III,
75-3, 58.40 m.

See text for details.

Savite IV,
75-4, 84.53 m.

See text for details.

Sketch of corona ze - s graen

Quartz; 2. zreen biotlre; 3. Crcwn biotite + chlorite;
dolomite + ankerite; 3. :oned apatitc.

1 .

,

	

Fig. 7 Orbicular sevite (sevite
ri-12, 122.59 m.

	

F. 8 Schematized zoning on
in orbicular sevite.
75-'2, 123.72 m.

	

E • 9 Sovite dikes (Sovite

the Ictite - REE - orbs

Cutting hlue r•le-: (Sc • II)

7H- 1;, 28.45 m.

Cutting layered lamprophyric ictite- apatite rock
TH-12 104.20 m.

Sig. 10 Relations between biotite- apatite rocks and surronding rock tyaes.

Lensoid segregations of biotite- apatite rock in weakly foliated
sovite, cut by younger sevite. 75-12, 104.20 m.

Dike of biotite- acatite rock cutting sevite. TH-3, 32.95 E.

Biotite- aratite rock cu,-: rauhaugite I. 75-19, 81.25 m.

Gneissic interlayering of finegrained sevite (white),
rauhaugite I (grey) and blotite- apatite rock (coarsegrained).
75-12, 103.80 m.



riu( , :1=0 i. Eiot crysts
5•35 m. dth 3 	 uaraliel nicolt.

r•icontino= les, A-F and through the two adjac=
»henochrysts. Innvsis are recalculated to 100 on volatile-free


For F- the Original values are wed. Full analysis are
listed in Tabic 7.

. 12 (blac].:)and pyrochlore (translucent, euhedral) in hiotite-
rock. 3.15 m. Hcriz. width 0.5mm. Parallel nico1s.

Fig. 13 Guhedral Ta-mineral included in biotite in biotite- apatite rock.
, 3.95 , parallel nicols. Horin. width s.54 	

FiF. 10 Radial aggregates of fersmite needles in biotite- apatitc rock.
TH-1, 3.95 m. Horiz. width 0.36•mm.

Reflected light, parallel nicols.
Transmitted light, carallel nicols.

. 15 Octahedral zoned pyrochlore crystals in apatite in blotite- apatite-
rock. TH-1, 3.95 m.
Paraliel nicols, oil i=ersion. Hori: width 0.06 -- 


Transmitted li5
}tfl.-ctr.dI-Hht

Fig. 15 Fer=ite in biotite a-ite rock.

Inhomoenecus dark brcwn ta black colour.

Tr=mitte el nico's.
hcri: widt

Included hig __ctivity (relatively) phases in fers;flite.

One of these art ;rcbably columbite (see text for disc=sion).

:,:eflectedlight, arallel nicols, ofl inrsion.
horiz. width C.CT 	

Fig. 17 Segragations of magnetIte biue amphibole and finegrained
interstitial aDatir(2.

Fig. 15 Rauha-gite

Cut
TN-S,

With xenoliths of biotite- calcite fels.
TH-8, 108.25 m.
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Plates 4A - 4 F .
Geologicat profites through the Tuftehavna Area, Fen Complex.
Simptified and interpreted version of Ptates 3A -3F +40
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biotite -cateite fets
Sbvites, undiffentiated

Zone of blue arnphibote - bearing sbvite

Zone of rauhaugite (I) predominance.

Lamprophyric biotite -apatite rock.

Rauhaugite (II)
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Appendix

Diamond drill hole logs:TH-3—pTH-12

1



DIAMANTI3ORING Tuftehavna 19 8.

Kjerneobservasjoner.

TH-3Borhull nr.

Koordinnor : Y 50960

70 m.o.h.Påsatt i hoydc

i rezning 80'

 ned hel      _;

I.

1
Pronl

141.534
X

Borhullets lencnk 93.00 m




Boret Mel'er




Nergarr




Kjerne-




mangel

0 - 5.10 Overburden




6.80 Grey s8vite, partly rusty, med. gr.




chlorite vein




5.10




Dol. veinlets




6.00
Bands of BT + CHL




6.40
Brece. with BT + CHL 1 6.60

	

10.60 Spvite, white, massive, med. gr.
Slickenside 7.00 75°
Brecciated 7.20
PY-rich along fault 8.40 20°
Rusty with euh. MT. 8.70-9.90

	

12.85 Søvite, grey, MT-rich 12.10
Interst. noncarb. finegr.
phase with grey-green col.
BT+PH cryst. 1-10 fnr


13.15 Spvite, white whi

	

15.80 Søvite, white to grey, partly brec. text.
Re1icc, exsolved NT-cryst.
CHL-joints 15.50

	

23.20 Spvite, with bluish/violec subh. relict
cryst. of NT.
Greenksh-grey dol. dike 21.35

21.90 50oDessim. PHY foliation
AP-dike 22.20
late rauh. dike cuts fo1. 22.45-22.60
and mineralization
BT+AP-dike 22.86-72.90

	

23.70 S8vite, pink to grey, fine gr. fol. 50

25.00 S8vite, fine ,:trainedwith large euh.
'3T-flakes+

32.00 Søvite, as above partly pink and brecciaced.
Late dol. veins 25.85-75.90
Brecciated with grey dol.
BT-phenocryst, BT .c10 7

PY+AP+NT+RT
Matic veins
With olivine, dar'x irlet
sub. parLj1. to e:a

fnl.

26.00
27.70
29.20
29.30-30.00

30.00-31.00

35



Ark 2 nr. Proth

1Boretmeter Uergarl Kjerne- liergrn
n:augel

50°


50o

	

32.90 Søvite, Foliated with patches
and stringers of RT+AP -rock

at 32.40-32.60
Pykelet at 32.60

with 50° to c.a.
Crosseutting dike ai
RT+AP -rock 32.95-32.90

	

33.10 1IassiveRT+AP -rock, banding crosscutting
some foliata in søvite

	

33.60 Søvite, with patches of pink occasional
large (< 2 mm) PIMIL cryst.

	

34.60 Massive AP+RT -rock

	

34.80 Søvite, locally w/AP -dike/ veinlets loaded
with PHYCL.
Pink decolouration.
Banded AP+RT -rock, bands
M.ed./finegr. CHL -joints and probably also
chloritizised RT.

	

36.80 Søvite


36.95 BT+AP -rock, fine gr. well demonstrated
"dissolved søvite".

	

37.50 Søvite


37.80 Late dol (?) veinlets sub parall. to c.a.
cut BTAP -rock which cuts foliation in
søvite at

	

40.20 Søvite,
complex cutting relationships 38.30

Weakly foliation søvite cut by
BT+AP -rock cut by 7 cm
Appearantly gneissic apatite or dolomite
veins 1/4:2cm, cut by
Greenish veins/joints filled with
dol./ankerilic carb. causing
alleration of sovite as well
(Rauh. II)

40.50 Massive AP+RT -rock.

60°

750

79.20 Søvite, usually weakly fo1. but also small
gneisic relies 41.45,

41.60
and 41.90

patches and stringers with
BT+AP.
Impure 46.00-46.30
Pegmatite of søvite 46.30
Dol. veinlets 46.75
Brecciated 48.30
MUL. -veinlets 52.50
Impure 53.00-54.20
Impure, gneissic and
brecciated 54.90-56.40
Massive impure sulphide rich 56.40-62.10



Ark 3

Boret flerer

1311.nr. TH-3

Bergart

Pronl

Kjerne-




mangel
SkiÆigher

62.10-62.90
62.90-65.15
64.75

Gneissic
Homogenous, massive BT-rich
Gneissified vein
Nainly massive homogenous,
silico-søvite with large
amount of blue amph.
Without amph., but with
clusters of mafics + PY
Impure, some PY + conc. along
dolo (?) veins

	

91.30 Silico -søvite

Large NT -cryst./ clusters
+ PY + PO ?

	

91.90 Søvite


93.80 Søvite, impure, alternating
with silico-søvite.
All med gr.

65.15-70.60


70.60-73.60


74.00-79.20

88.20-88.80

Stop al 93.00 m.



DIAMANTBORING Tuftehavna 1982.

Kjerneobservasjoner.

ProtilBorhull nr.

Koordinator Y

PSsatt i hoyde

i retning

med helning

Borhullets lengde

Boret meter 


TH-4

50959

70 m.o.h.

- 67.5°

91.35

Bergarc

141.534

1Kienw-

Inangel
Skifrighet

Bergarr


prove

0 - 2.75 Overburden

	

3.80 Søvite, fine gr., rusty

5.90 Søvite, w/ diss. euh. MT + By/Bo.

6.00 Søvite, .deep weathered.

7.50 Søvite, fine gr white/pink

	

Apatite veinlet 6.20-6.40
Oce. MT -emp. 0.7 cm.

8.20 Silico? søvite, dark grey

Brecciated appearance.
AP or DOL -rich patches float ng
in CaCo3 -rich matrix

	

9.25 Søvite, white/pink fine gr.

	

9.75 Søvite, brecciated w/ dolomite (?)
matrix cutting c.a.

	

11.45 Søvite, med.gr. white to grey.
w/r, 1 mm BT -grains and agg. of PO.
Decolouration (to pink) along
veinletsrt.1 mm thick CHL.

	

11.60 Søvite, with euh. MT -cryst.,,J2mm
and PO -agg.

	

12.25 Søvite, white impure w/stringers/
patches of mica.

12.40 Silico-søvite, w/ large BT and
MT- empt. Graduation lo more finegr.
rock with larger fraction of blue amph.(?)

	

15.85 Søvite, impure. Impurities are
concentrated in irregular patches and agg.
Joint w/ rustv weathering 0.1-15.75

	

16.05 Søvite, interlayered with pure søvite.

16.55 AP or Dol. dominated rock w/ gneissic
appearance. Frequent c 1 cm MT -cryst.
(euh) + 5

17.45 Sovite

17.3 MT + BT + \P

4)-750

70"



Ark TH-4
nr. Profil

!

Boret mner ilcipn Kwme-




mingel
Skifrighet

Bergart


pnwe

	

17.70 Søvite, grey Impure silico. med.gr.

	

17.85 Sovite, coarse gr. with w/ NT + blue am.

	

17.90 Søvite


18.15 Sovite, coarse gr. silleo. w/euh.
NT and blue am.

	

19.25 Søvite, impure.

	

19.35 Søvite, gneissie

	

19.70 Søvite, Impure w/ ece. NT -cryst.

	

20.95 Silicosøvite, coarse gr. 1 cm
conc. betw. 19.70-20.10

	

21.20 Søvite, pure w/ PY -agg. 1 em
long lensoide

	

22.15 Silicosøvite, w/ palches
of PO at 21.50

	

22 .30 Søvite, impure

	

23.00 Silicosøvite


25.50 Søvite, impure, NT-enrichment
at 23.30

and 23.70

	

26.50 Silicosøvite, massive

	

27.40 Søvite, rel. pure,
doloritizised (?) veinlet

	

28.00 Silicosøvite


9 8.20 Sovite

	

28.45 Silicosøvite


28.55 NICA + AP + PY -rock, 5 cm, enel. in søv.

	

31.30 Silicosøcite


31.85 Sovite, impure

	

42.25 Silicosøvite, w/dess. sulph. (PY + PO?)
and MT at 32.00-32.50

Zones of gneissification
and decolouration 1 cm
thick 10 cm zone al 32.50-32.70
blue am. disapp. at 33.25
hlue am. increases ai 33.90
w/ numerous stringers at 34.40
and veinlets 1 mm thick
irreg. Traces often parall. c.a.

a: 35.10
Significant, bul variable
NT -content.
Gneissified zones at 36.25-'36
Gneissified and coarse
breceiated søvite/silieosOv. at 37.60-37.90
Granular silicosøvite w/euh.
NT grad. disapp. at 37.90-18.15
grey coarse gr. calc. dom.
roek (silico?) søvite? at 38.15-38.65

90 0

;



Ark 3 13h. nr. Profil 1

Brecciated søvite
3T+MT -bearing søv.prohably
also am. -bearing
W/ HT+A14+ acc. MT
Dark wein w/wide metasomatie
halo. Dark calo. (Rauh. 11? )

38.65-38.85

38.85-40.60

40.60-42.25

41.30-42.25

42.35 Søvite, fine gr.

	

42.55 Søvite, increasing dark min.
Brecciated, gneissie, metasomafi-
cally decolourizised.
Dark grey colour dominates.

	

45.05 Søvite, white areas dominale

	

45,65 Silicosøvite, spinifex text.

	

48.00 Søvite


Søvite, (silico), "spinifex" dominates,
patches/areos of more pure søv.

	

48,60 Søvite, BT + AP -enriched

	

48.85 Søvite, BT + MT -enrich

	

48.90 Søvite, ET -enrich

	

49.00 Søvite


49.65 Silicosøvite, with BT

	

49.68 Rauhaugite-vein

	

50.15 Sificosøvite, partly spinifey.

	

50.60 Søvite, impure, interlayered by
silicate dominated silicosøvite AM. dom.


50.95 Silicosøvite, spinifex.

	

51.05 Søvite


52.60 Silicosøvite, partly spinifex,
gneissic and- or - decolourized pink.


52.95 Layered AP + BT -rich

	

53.20 Søvite, impure w/ minor am.

	

56.00 Søvite/silicosøvite, impure wfloo. spinifex
and am. as maj. phase.

	

56.10 Layered gneissic søvile

	

56.45 Søvite, impure wl ET +

partly gneissic, portly

	

56.60 f.kwite, (silico 2) dark grey homog.

	

56.82 Søvite, impure as ahove

	

56.87 oøvite

	

57.40 Søvite/silicosøvite, alternal ng

	

57.50 Sovite

Søvite, itupure
oppearance.

Boretmeter BergAr: Kjerne- 21mbs

450



Ark Bh. nr.
TH-4

ProtH

Borct ructer Bergart e

DOL(?) +/- CHL -veinlets at 57.20-57.90,
62.50
64.70-66.20

Mafic patches and stringers at 59.20-63.50
Impregnation of sulphides at 58.70

Veins with metasomatic
lateral alteration at 62.05,
7 cm which crosscutting
foliation in søvite.

66.75 Søvite, med. gr.

	

67.15 Søvite, sulphide rich, mostly granular
impure søvite, foliated brecciated fragments
of hollaite (?).

	

67.45 Søvite


67.55 Søvite, sulphide rich

	

69.20 Søvite, impure with sulphiderich zones.
Well foliated, often gneissic.

70.30 Rauh. (?), dolomite dominated impure
well fol. with gneissic carbonatite.

skirrIt:hd lk:gar
"erCP.t

70.40


71.00


75.55

Mafic dike

As 69.20-70.30

SOvite, impure
Dolomitic carb. rauh. 72.93-73.25

76.30 Rauh. dolomitic

77.22 Hollaite (?), massive brecc. dense,
black rock.

77.80 Rauh. w/ minor calc.

78.10 Hollaite


78.45 Raub. impure, sul. -rich mafic stringers.

82.45 Rauh. rel. pure.

82.52 Carbonatite, impure calc. dom.

82.90 Ho1laite (?) sul. -rich

83.25 Si.5vite, impure interlayered w/ holl.

34.10 S,,d)vite

84.35 Hollaire


34.42 SOvite, impure

S5.30 Holldite

35.60 51te, Pegmatitie

35.81) L11 Hite

impure ds holllite
sulphides (PY / 1/2 - 2 emdod

lopy  

1 A ,1



Ark 5 TH-4Bh. nr. Profil

IBoretmeter

88.10

Bergart Kierrie- Skifrighet Bergartmangel prove

Søvite/Hollaite, heterogenous,
interlayered.

	

88.50 Hollaite, massive, partly coarse gr.

	

89.25 Søvite, impure, layered

	

89.97 Mafic rock, porphyric with crosscutting
søvite (zoned) veinlets.

	

91.35 Søvite, w/ large patches of hollaite.
The latter is PY -rich.

Stop at 91.35 m

o00 -9-74. ES11031.4.1 4. II.



DIAMANTBORING Tuf Le1navn a 1982•

Kjerneobservasjoner.

Bttrlittn

K,tordHator • Y

ihiVPasatt

i rettlitut

med tir:t]me,

Btaltullets ;crtrt,

lit)ret 1:1eier


THT5

50998

f)

280g

58.75 :5

Bergart

141.495

Ktente-




mangel
Sk:tatighet

b crgar,

rr,,Ve

See appendix
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DIAMANTBORING Tuftehavna 1982.




Kjerneobservasjoner.




Borbull nr. TH-6




Prefil
2

Koordin arer : Y 50999




141.495

P3satc i hoyde
60

(-) •11•




cy




i renling 2800




ined helning —70 O




lidrIndlets lengde 111.50 rn

1Kjenic-

mangd

Bergart


prove

Iroret meder lierprt Skiir,gher

See appendix
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DIAMANTBORING Tuftehavna 19".-•

Kjerneobservasjoner.

Borhull nr.

Ko.trdingtor : Y

P.Ssatt i hoyde

, i retning

ined helning

Ihnhunets lengde

Th-7

r„,71

Profd

noret meter

2- 4.05 Overbu-den

Kjetne-




mangel
Sk:fr:ghetlierg.tn

itctgatt

4.85 Scvlte, rusty impure, well fol. at 4.60

8.50 Rauh. I, with patcheo;of BI+AP-rock.
MassLve between

7.03 Scvite, rusty, rel. oure (rau.. I

caLcIto).

7.40 Rauh. I,

7.0o5 Rauh. I, rich with sjirite.

7.85 Scvite, imounJ and AP- .h.

8.10 Foluh.I, Lower contact

10.45 Scvfte,

10.83 Rauh.

12.35 Scivite,

14.95 Sovite, rauhaugf::ed,strooj;1y brec.
sats grey, patchy, weil fl.
Rusty between 12.85-13.35
Sol. ,t 13.90

15.05 Scvite, MT-rich, f- eimed.gr.

= > 1 - 5 cfl.

15.9: ScYite, M7 rich u.ryst.1-13 +=1.

+ / - AF and F3T. Sol, at 15.77;

Scvite, irnpure,wi grev silfcates occational
MT - chenocryst. Wo:lkfol. Goarse to med.gr.
1 - 5 ct-.thick MT ± AP - ;XFrock dikes at
10.79, 15.95, 17.95, 17.2:: a::d 19.40.

Rure scyite-d-rKe7,(?) at 10.T:-18.37

IfJ2-18.70

.1 -17.1rE
` 17.50

Py-ve:r.,2 +f-,thie'rit 15..

•1.80 Sovite, veins with oil. itch rauh. veins.

Scvite, f-od.or.with f,T co:rvt;t. 2 m+.
n o

21t.21
2 -



Ark Bh. nr. Profil

Borct meter

31.70

Ikrgarl

Pure sevite at
We11 fol. at
Eauh. vein at 27.40

Søvite, coarse gr. witO cm araine0 --oss-

rvn 


Kjerne-




nongd
SkiCrighet

Bergart


prove

cutting gneissic grey søvite.
Increasing amount of BT-hnocrvst. < 15




Fol. at




32.05 Søv-;te, fine gr. impur8 gro and AP-rich.




32.17 BT + AP-rock, coare gr.




32.45 Smvite, fine gr. f,rey,;




Fol. at 32.40. 75o

34.90 ET + AP-rock, very coarse to coarse,
50partly fol. at 34.50

35.00 Søvite, ET + AP-rich




43.15 Søvite, coarse gr., patc.lvAP-decreasing




BT-ohenocryst variable.




Blue am. varablfl.




Occ. weak fel. at
rr o




41.L




43.80 Søvite, coarse, pure w/sharp contacts.




48.10 Scvite, coarse and impure with veinlike




hodles of MT + AP-vein ET-silicate rocks.




Locally gneissic fol. at 48.28
,,o




Rauh. I at




4 3•80 Scvite, coarse gr. im?ure w/h1ue am.




49.10 Rauhaugite, 2a1c.-rich fine gr. Frey with




AP-vein (Scv. or Rauh.?)

49.b0 Scvite, impure with hlue am.

50.15 Mt + BT + Py-concentration, coarse^r.

50.25 Rauhausite I, fine grained

50.88 Smvite, impure med. gr.

54.45 Rauhaugite, fine uained, grey with AP.
Fol. AP-drkes at 52.38 and g.,=ally
sub-parallel at 53.15-54.45
Patches of scvite.

56.00 Søvite, patchy and silicate rich and
massIve. Ocarse gr. MT-grev sil-;flate-AP
(access.)

-5 Smvite, Impure, me .graih8d
3-8-:henocryst 1-3 mm

Cneissic ascearance at
Fol. at. 57.58

50.85 "Silicate-søvite", w/grey aryc

(< 3 cm) anh, euh. BT (Kl cm)-m8nor 27 cr PO.
AP-veln at 07



Ark Bh. nr. Profil 	 3

1Boret meter 1 Kjerne-
Sldfrighn Bergan


prove
Bergan

nnngd

60.00 Rauhaugite (?), massive, grey fine to med.
grained. AP-hearing.

68.50 "SUicate søvite", massive, coarse andratchy,
20 % blue, green sil. am.
16 MT, Yevy coa6se agr. or

occationally euh. nhenocryst.
5 % BT- nhenocryst. euh/subh.

Well fol. gneissic transection
at 60.45 35

64.65-64.30 w/strong PY-min. 500

MT + BT + CALC-rock, very coarse grained
at 65.80-66.15
BT + AP -enrichment at 67.50-67.60

MT -enrichment 67.60-68.10

70.95 S0vites, variable types, generally coarse to
med. gr. AP-rich.
BT + MT -content ,,J10 %. either as fine/med.
grained anh. grains, or very coarse euh.
nhenocryst.
Weak1y foliated at 69.33 350

71.85 MT + AP-rock, massive
No ET

73.55 Sovite, massive, coarse/med. gr.
AP + MT, w/minor BT.

74.45MT + AP -rock, massive, No BT.
Coarse grained.

76.65 Sovite, AP + MT w/minor BT.
Weak1y for., at 79.90 40 0

Numerous rusty dolo.stringers.

75.70 Core loss

77.60 Søvite, AP + MT as above.
Extrenely rusty. 1-3 mm euh. MT-cryst.

77.85 Søvite, rel. pure and massive w/euh.
MT-phenocryst.

80.00 Sovite, impure, rusty and foliated.
Sisnificant dolo. stringers < 5 mm thick fol.
< 1 cm euh. MT-nhenocryst.
The sc•vite less thoroughly weathered.

79.65-79.95 pure søvite, stronsly weathered.

85.50 Søvite, BT-rich, icure
Great core loss.
40cm,recovered.

u4(1--9.74.ES A 4.



DIAMANTBORING 19

Kjerneobservasjoner.

Krdin3n,r:

11,, , Ic

i reming

, nic.1 hehdnr,

lenr.du

liret me:er Ik'rgar:

-1H-

Chlorire joLhrs

heavily •earhered and rusty

F:usty*linr::; 3..7c 4.1C
.10 Interlayer sgvirr2arldrauh. yei=,


;

Skifrighet
Bergart


prove

rU Cry

bur ar
irrrer,LIEir:JarcheY,

:77

cf tna



13h. nr. ProrilArk

13oret meter

:/ea.to fine grained.
foliated, locally PY -enriched

Fol.
Cross cutting sevite

29."1 Rdsh. dike small fraction dfsovite.

25.90 Well foliated, gneissic ite.

LToIst at

at 2 -22.79

	

24.55 Massive `ine grained banded white and grny
(AP ?) søvite
Bar.ding foliation at .cL

	

25.10 Coarse grained 137-sevite as ahove.

	

25.60  .1.ontlyfine grained banded søvite an above,
interlayered w/ coarse ET -sdvite.
Fo1. at 25.50

fol. se,:= to be ' re1.
tc a )

Coara.t,

1 1. s vite at 17.1.a

ET
v 1:: 1 cm

iss

Skfrigher.
Bergarr

at 11.90-20.00
at 13.70

dikes 1 and 3
at 2(11.95
and




50 0

50o



350

350

Co•arseorained ET-sdvite.
E7 + lEicryst. <1 cm, 37 + AP :nriched

at 23.75
at

25o

Hergart

I



Ark 13h. nr. Profil

Bagart

Se. f_na 031050

tal texture gradually turnihr:
gralh0d deforned (

. 710103 fron 1.2°to c 1100;

Let.

Imure ccvite, .oenerallywel2.foliated ;)ury
37.2E-37.3-


3375-T3,30

Y-.ated sev0ral
nafie Layerc of YT + tremelize (3)

+ AP (3) -rock. The tremolite appearc as
radial oser. 5 mn.
ST + AP -rock at 313.27-3.3.32

cutting fol. in adjacent søvite
?achec containinr,blue ar:I.:00n.aog. locallv

aL:
ici. sovite at 40.50

4195

, grey cilicate sovite cyt by rauh. ve

,:uremaccive cøvite w/ 5 - 10

n of rauh. acH veiniets ict

Borer meter

49.55


42.8B

Kjenle-




numgd
Skddr,het

GL.

4 5°

30
-o

4/

at 44.,01-!34.70
48.05-40.05

at 47.45

52.BE :1assiveBT+AP -rock of grain size varying
from fine to very coarse calcite bearing.

er contact

53.10 Impure foliated sovite.

grained ST + AP -rock.

61.10 Impure foliated sevite w/ patches and stringer-
of BT + AP -rock up to 5 cm.
wide at: 55.00-55.50

55.05-55.35 with
at lower contact (sub) parallel

57.7T-E0.-

at 5.0.L-
at 61.1-ol. vein

ure white sovite and dar.r:
-rich.
ches

317

rr o



TI1-8 3
Ark Bh. nr. Profil

Boret meter Bergart

Fo1. at 65.30
Rauh. w/ AP -vein at 67.60
Dark grey impure søvite at 67.65-67.75

69.95 Same but pink.
Rauh. II 69.90-69.70

74.15 Med. grained NT -søvite well foliated
> )0 5.

Pure søvite
Thin rauh.

at 70.45-48.00
at 70.70 + AP

71.40
71.60 + AP
72.55 + AP -vein
73.70

Fol. at 71.25

75.85 BT -søvite (BT < 5 %) massive without distinct
foliation. BT as < 3 mm phenocryst.
Rauh. II at 75.15

78.60 Søvite as above w/minor irreg. patches /
stringers of AP -rich.
Ninor BT in both rock types.
\P -vein at 78.55
Weak fol. in søvite at 78.20

83.65 Same, but AP -rocks are =jor constituents
40 5). Coarse grained. Occasional

MT -phenocryst.
Fol. 80.25

85.25 Impure søvite fine to medium grained
NT -rich => grain size 1-2 mm.
Weak fol. at 83.75

90.10 Rel. pure søvite, weakly foliated
v/ occationa1 BT and MT -phenocryst.
Rauh. I -dike, 3 cm at 88.60

Mm -thick rauh. II veins at 88.70

90.20 Pure søvite dike

91.25 Well foliated silicate rich søvite.
NT -phenocryst 2 % i 1-3 mm
Fol. at 90.40

90.30

Impure med./fine grained søvite.
No distinct fol.

Rauh. I dike tangential e.a.

Impure søvite distinct fol.
Ned. grained.
1 cm rauh. I -dike at 96.80
cutting rauh. II veins
AP -veinlet at 97.50
Fol. at 98.50
AP -dike at 99.50-99.70

99.75 cutting (2)

96.20

96.45

102.25

Rauh. II at right angle
.AP -dike 5 em
AP -dike 1 cm

at 100.05

at 100.95

Kjerne-

mangel
Skilrighet

33
50o

Berga,t

ro'e

20 0

40°

20
800

75°

90°


500

80°

37°

25o

45°

60°

65°

60°
_o1)

75°
95°
15
20o

359

50,) II 7 kS 0031 k



TII-8
Ark Bh. nr. Profil

Boret meter Kle"e. Skifrighet
Tungel

Bergart


prove

40 0

25

70°

70

750

60°

55°

Bergart

	

103.45 Coarse gr. silicate MT -sovite, blue amph.,
lAnh. MT. Grain size 3-15 mm.

	

104.55 Impure sdvite.

	

104.75 .Pure søvite

	

107.65 Impure søvite, coarse / med.gr., partly
blue amph. -bearing.
MT -usually occur at anh. skeletal aggr.
< 3 em, last 5 cm of sectiun shows enriched
euh. MT -cryst. 5-15 mm.
3 mm thick AP-vein at 107.50

5 cm pure med. gr. søvite

Impure coarse søvite as above, dominantly
cut by composite dol. + AP -dike.

Pure søvite

Impure coarse søvite as above

Composite dol./ AP -dike w/ rounded
fragments of rødbergite (?) related to
damtjernite phase of intrusion
(accord. to S.P.O.)

Impure coarse grained søvite.
AP - NT (euh.) enrichment at 108.80-100.05

AP - enriched, BT bearing at 109.95-110.40

Gneissic development at 110.60-110.70

110.95-111.00
Pure med. gr. søvite at 111.40-111.55

112.25-112.60
AP -enrichment at 113.30-113.90
Pure med. gr. søvite 113.90-114.00
MT + AP + BT -enrichment at 114.00-114.35
MT -euh. 1-5 mm, BT subh. < 3 mm.
Pure sdvite 116.25-116.45
AP -enrichment / AP -rock at 117.00-118.30
Do. 118.50-118.70
MT (euh.) (0.5 - 1.5 cm) +
AP -enrichment at 120.70-120.90
Do. 121.60-121.80

As from 125.40-126.40

As from 126.40-127.00
with max. M at 127.00-127.20
Fol. gneissic rock at 128.60

Alternating pure søvite and very coarse
blue amph.- and AP -bearing s8vile.

Fine / med. gr. fol. inpure sOvitc-
bah. MT-cryst. and PYCHL - emp.
Fol. at 130.85

107.75


107.90

108.00


108.15


108.30

123.70

127.30


128.90

130.07

125.40 Med.gr. impure BT, grey-blue amph. sdvite.
AP -veinlet at 123.80

26.40 Coarse gr. rel. pure søvite w/blue amph. <1 cm
Gneissic at 126.00, fol.

127.00 Do, but higher fractions of dark mineral.

51)) I 2 S 0031 I



111
6 '111-8 3

Ark Bh. nr. Prafil

Boret meter Bergart




Kjerne-

mangel




Skifrighet
Bergart


Prove

131.30 Gneissic AP- and dol.
rauh (7)

rich sPvite (7) or




132.00 Fol. impure spvite as above, but lightly





variable fol. Fol. at 131.40




40




Stop at 132.00.





500 S 0031 k



DIAMANTBORING 19 12

Kjerneobservasjoner.

Horhun I nr.

Kn,rdinnor

Pås3ti i hnyde

Itrillak'

hehnnsr

Borhnilets lengic

111

Bernar:Ikr:r sr: frighet
prove

K]erne-




mangel

Sf, vedicg.g.

linrct meter
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DIAMANTBORING 19 -• •

Kjerneobservasjoner.

ProddBorhull nr .

Koordinator : Y

Pasatt i hoyde

i reming

med helning

Borhullets lengie

Boter meter tikgruthet
IlergArt

:1 F/ med.gr.

w/r.il_ict bl s clE."cm.

0.50 ra

0.75 Pa

; Of (?)

1L4.25 bi-scvite ard

coar= almot (0) sc.vite

(1-2 le

31tv,11  ',.x,2pu1

dra dlOdtgn: , r.



Ark uh. nr.

lierganHoretmc[cr

ur coarse very coarse and

othr malor

, anh.skeletal or

33.-

ic

22.9533.67

36.73-36.50

szvize,

irrey/green silicates,

bi + /- (hoth the larters

rolict skelutal

rlion 42

1. -.)Lresdvite.

foliated sdvite. ThtLs


:;onin.;around ure

E]cluc--

wArI  ;e1

37. •



Ark Bh. nr. TH-10 ProfiL 11

Dører meter

47.50


48.00

50.05

Bugrt

Med. grained rel. pure søvite, no distinct fol.

Some but high in mag. 40 %,

dominated by NT + BT. Minor blue amph.

Coarse - very coarse grained blue amph. + MT +

BT + AP and impure søvite.

MT enhed. C2 cm.

Kjeme-
nmilget

Ski(righ er Bergart

prtlye




Blue amph. anh. tÇ 2 cm.




Massive blue amph. + NT + BT + AP rock alt.

no/pure søvite `rom 49.50-49.85.

50.50 Ned. grained BT + MT søvite




M = 50-10 %.

51.50 Massive coarse blue amph. + MT + ET -rock.




No foliation.




Blue amph. content and grain size decreases.




M = 5-50 %.




Chlorite filled joint at 51.10 10o

53.63 Fine/med. grained impure BT + MT -grey silicate

søvite.

53.75 Foliated rauhaug II. 20o

60.00 Massive or weakly fol. impure coarse søvite

dominated by blue amph. + NT and BT.




Foliated at 54.40.




NT + blue amph. segr. 55.55-55.65

61.20 Impure grey/green amph. (?) + BT + AP -søvite.




Massive but cut by numerous veinlets




(rauh. II ?) at 60.60. 10c

62.10 Alternating pure sovite and clusters of




AP + MT -grey silicates + BT.




Cut by rauh. II (1 cm) 61.50 o

	

rauh. II (3 cm) 51.80 o

62.95 Rel. Dure sevite with relict skeletal BT, to

some extent elongated at 62.85 m.




Coarse grained rauh. II (1/2 cm)




Darall. at ca. 52.40 - 62.85 m.

54.95 Well foliated impure sovite. As above, but

with additional fine/med. gr. MT.




I c11111-9-74. US sKs



Ark Bh. Profil

Bergart1I3oret meter Kjerne-




ma:sd
tiki(righ“

lierga0

p rOVI:

- plain szYite) hut cot

silicate segr. at 63.30 (4 cm thich)

(II foliation).

Rauh. II vein (2 cm) at 54.50


Foliation at 64.95

	

03.55 Weakly foliated fine- med. grained MT + BT

Foliation 55.75

Veinlets (Rauh. II ?) 55.15

and at 55.70 - 55

Rusty weathered rauh. II at 56.E5


foliation.

	

09.00 Ccarse 51 2 amth. + BT + AP -sovite.

Between 68.40-68.85 Ce %.


Weakly fol. at 68.50

	

71.65 Coarse 5 % exont 59.(35-70.35

where 2 -‘) 10-15 i.

Weak1y fol. at 69.70

Rauh. II (1 cm + 2 x 1 mm) 59.50

R2Uh.i 70.15

cut dv rauh.

77.15 Coarse massive blue amoh. + ET +1T + AP

50 OneLssic rauh. I 72.18 - 72.32


•esiminated columbire

rich=1:, 73. 73.55

, T_ ve-Hlets at 7E3.85

EcL

IIE.11foliated fine

77H-0:

78

79.55-78.70dom. at
Rauh. I - cneisn.

0

33
„o

0

35c



Ark Bh. nr. H-10 Profil

Boret meter Bergart Kjenn-




nnngd
Skifrigh“ Ilernnt


prove

91.95 Coanse grained as to 77.15
but M ,, 19 1, and concent. cn

bandc/patches, and cut by scveral

irre•ular dikes at raub. I at 90.15-80.45




80.60-80.80

80.95-81.10

31.59-91.20

91.90 Same, but higher M : 10-75 I

mostly dom. by blue amph.

agg. r •  1-5 cm.

Euh. MT is com. At 21.25 BI +
Samplc

AP -flock (82.05-82.13) is cut 25o
by rauh. I. kauh. II at 30°

89.19 10°

88.95 50o
rol. 8.85 70o

88.89 8.0o

Sneissified at 91.80-91.99
Corona text. around blu amch. at 91.89 Sample

96.55 Med.grained, blue (/green)

amph. still present, but only as

single grain or smaller agg. without


prefered orientation.

99.15 Alternating rock as above, but with

well developed foliation and banded

fine grained ET-sovite.

Poliation 96.35 65o
,o97.70

928.82, 000

99.39 Pure c›:3v-1

111.25 :19d./finu,

with occatIonal 9

s‘wit:emo;tly at. 011.10.

10b .50

1C1.10 


1111. b5






Ark 13N.nr. Pmfil

Boret meter
K  eriic-

iii
Sh”ngher

flcgan


prave

dt

Pijr dcw:t.2. dt

extur at 1C3.1T-1:7

fllnund sev-iteweakly

- P+:.1T-seyx-dgationin

a:

113.15 113.[“.;

117.d5

P111,1'. •.;

Very co.21-seAP + hlue esh. +

se-,rtTationin pure savite.

rich treso.Hte

r.der.sdlicates,

of



DIAMANTBORING Tuftehavna 1982

Kjerneobservasjoner.

TH-11 5
Borhun nr. Profil

Koofilinator: Y 50.989 x 141.456

Påutt i hoyde 61 m.

79°, renfing

—450med hehung

liorhulkts 39.50w,

Boret ieer

0- 3.15 Overburden

13ergart Kjenw-




nungel
Skiffighet Itergart


prove

Coarse impure søvite
Massive partly skeletal.
No distinct fol. BT + MT + green amph.
M < 25 %

Rauhaugite, fine grained
n lo z, gneissic, locally well foliated
M < 50 - 70 %.

7.20

10.05
50-70°

	

17.00 Coarse /med. gr. impure spvite as 3.15-7.20
Foliated.
Rauh. I at 10.95-11.00

	

18.95 Med. gr. pure spvite.

	

21.60 Intercalated foliated pure søvite, impure
med. gr. søvite and mafic bodies of hollaite ?

	

29.50 Oxydized - rusty carbonalite

	

39.40 Oxydized synitic rock (MT + FSP)
and hollaite.

.1 (



DIAMANTBORING 19 "».

Kjerneobservasjoner.

irthrlatr  r
N

P.S,Irt

nerl

_s.
haTio4.. Tne.ssi-

Itcrgart

. v.-rurden

r

sul)11,-ir

N)erne-

ty..mgel

,

tik r r

rrave



Ark Bl i. Protil

Horet m ern

_ zrained
Jnd with enclosed ner


end.

ecvite



Ark 13H.nr. Profil

K

nt.it:get

Iteteart

ft1 C

Itttret meter ttte .t r!ttht - t

I: (?) vein
Weak fol. at 83.60

28.9E

fe lit.H •ti



Ark Bh
TH-12

Profil

1Boret meter 1333rgart

Ccarse grained. F,uh.BT
BT+AP-batch 2x 1/2 cm at
NT-enrichmenr
BT + AP

NT.
116.90
117.90 (1/2
118.70-118.75

cm)

Kwme-




m.331gd
drighel

Foliation at 118.50




55°

Finegrained BT+AP -rock
interlayered with sovite.

120.98-121.45




Fol. 121,10




50o
Bauh. II at 121.70 (2 cm) 70o
BT+AP-rock at 122.23-122.32




Spherical AP-sovite 122.55-123.15




cur by rauh. II ar 122.70 (2 cm) 90o

BT+AP -rock 123.12-123.40





Fol. at 123.50




200
BT+AP -rock 123.75-123.92





Patches of BT+AP -rock 123.97-124.35





13T+NT+AP-rock in
patches / stringers at 127.40-217.70





Do. 127.90-127.95





Numerous rauh. II
and/or AP-veins
crisscrossing

128.20-128.70





BT+AP -rock/ipatch at 128.75







,oFoliated at 128.75





131.40 Hollaite or AP -rich rock.
Massive, no fol. Crisscrossed by chlorite
veins, or rauh. II. It shows veinlike
exrensions down-wards curting
AP -rich savire at

	

132.10 AP -rich sevite dominating. Massive or with
irregularity directed structural elements.

	

139.75 Ned./ coarse grained sevire. M = 5 - 20 %,
dominantly BT. Cut by numerous rauh. II -
veinlets up to 1 cm, all the way from top to
bottom. Blue amph. and PY occur locally
near bottom.

	

140.65 Well foliated rauh. I in white and grey fine
grained versions interlayered w/fine
grained white savite (?).

	

145.70 Coarse grained impure scvite dcminated by
MT + BT and- or greenish
Occational raub. I: -veinlets.
No distinct fcliar:on.

	

149.10 9o, but 97 -rich and w/ N759 % r) mafic rock.

	

157.80 Coarse grained imsure sovile w/ BT, NT and
blue amph. as dominanting pnases.
AP -enrichment at 149.75-149.85

150.05-150.10
Gneissic and PY -enriched

at 150.90-151.10
Foliated at 150.90
BT -porphyrchlasts ?
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Ark Bh. nr. Pronl 	

Ikrgart

152.85-15
_rarlor.:39

:oned roundcd

37, green amph, 72

• 179.90 increasring
inn 7:hedocinan-

. IT 7eIns witn s:rongly alrered contacts
155.25-157.1::

ar 153.50

ar 171.10-171.0
172.22-172.4E
174.25-17.1E
175.25-175.0

Gnciss:ftra 177.10-177.17

Boret megcr
mangel

Skftngh“ Bergart

prove

re scvite
= MO 2C5 PiCh in AP.
= c1. Mc dist. fol.

124.90 Med, grained rel. purer søvite (Y =10-2-
foliation developer locally 

72
tenture.

at 179.70
T82.05

(c.1/2 0:n) raun, II. veinlers
sul. parall. at 181.70-183.00

Il 193.12-123.2E

MO
2 184.,35

-(rusty ri^,$) AP
nr.richTenT at 184.75-19.flC

sevite _
ene t:x/skelt2ral rexture + euh.

int=upted by sone:-;cf r

ure ./Tradually
c

:Loned
rec3I

(?)



Ark UlL nr. Protil

Buret meter BergArt

-

a

leZ , z1D

rozned.
are often zoned anddr,zreg.

Kjeme-




m Any,e1


