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Geolopy, mineralogy and mineralizations.

RESYME:

The Tuftehavna Nb-mineralizations occur within
a wedgeshaped sevitic body, enclosed in fenitic
rocks. Mineralized rocktypes are sgvites, with
columbite and pyrochlore; rauhaugites
predominently with columbite, and lamprophyric
rocks and related segregation with fersmite,
columbite and pyrochlore.

Only in the latter group Nb205 exeeds 1 wt %.
Apatite is gbundant in most of the mineralized
rocktypes, except early rauhaugites.

The mineralized lamprophyric rocks are among the
most radiocactive (}r -rays), show among the
highest spesific gravities, and contain either

no or very much magnetite.
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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 (Olmore, 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 1405,80 m
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' (IFE).

A reconnaiscance survey of petrography and mineralogy of presumed economically
important lithologies is fulfilled. This survey also include chemical ama-

lysis of minerals by means of electronmicroprobe atMineralogisk-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

oo Bl

Henning le
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GEOLOGY OF THE TUFTEHAVNA AREA

Regional geology

The Fen alkaline Complex is located on the southern shore of the lake Nordsije.
The geology of the complex is described in detail by Bregger (1921) and
Szther (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 km?,
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, pers. 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 (sevites, rauhaugites and redberg) in the
central and eastern part; Lamprophyric damtjernites cccuring 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 part 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 Szther (1957), sevitic and rauhaugitic rocks are intermixed

with and surrounded predominantly by biotite-calcite fels and other altered

basic rocks.

Detailed surface geology, Tuftehavna

The restricted area along the stream in Tuftehavna has been carefully

searched for exposures. The result is shown on Plate 1.

The four major groups of rocks ocecuring show a preferental distribution.

To the east and west rock types derived from the enclosing gneisses dominate.
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These are fenite, hollaite and, dominating, 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. Sather, 1957) suggesting a enclosure around a

core of carbonatites.

The eastern part of the "core"is dominated by more or less massive ravhaug-
ite (I) exposed in an up to 20 m wille zone between fenites and sgpvites.

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 s¢vites, 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 s¢vites

are rimming the sgvite massiv, whenever the rim is exposed.

Within the blue amphibole-bearing s¢vite (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.
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 - TH-12) are
enclosed in Appendix 1 and visualized in Plate 2. The geological data

are transferred 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, reveal some valuable information:



Profile TH-11 (Plate 4A) TH-11 is dominated by s¢vitic rocks in the

upper part, ravhaugite (I) in the middle, and metasomatically altered
country rock, mainly syenitic fenite and biotite-calcite fels are in
the lower part. These registrations correspond well to the observed
and interpreted surface geology by implying more or less vertical con-

tacts between the major rock types.

At TH-11, 20.10 m an apatite-rock strongly mineralized with subhedral
columbite is observed to be intercalated with raubaugitic (I) material .
This apatite-rock should on textural and compositional reasons not be
confused with the lamprophyric biotite-apatite rocks, as will be discussed
in Chap. 3.

Profile TH~5/6 (Plate 4B} This profile exposes a sequence, from east to west,

of syenitic fenite and biotite-calcite fels, rauhaugite (I), and s¢vites
with clusters of biotite-calecite fels as well as numerous veinlets of late
rauhaugite (II). The most easterly exposed s¢vites are blue amphibole
bearing. Biotite-apatite-rocks are not exposed at surface, but intersected
in TH-5 in alltogether 87 cm at 44 m (2 cm) and 53 m (85 cm). No transection

is obsreved in TH-6.

In both holes the relative well defined contact between s¢vite-dominated
and rauvhaugite (I) -dominated volumes indicate a steep easterly dipping

position for this major structural element.

Profile TH-1/3/4 (Plate 4c). 1In this profile the central and western

limitation of the s¢vite-dominated volume into the surrounding biotite
—caleite fels and fenitic rocks which are cut by frequent dikes of rauhaug-
ite (I). TH~ 3 and 4 are drilled exclusively within the s¢vitic domain,
TH-4 with a large fraction of rauhaugite (1) and biotite-calcite fels near

the lower termination of the hole.

Lamprophyric rocks appear in all three holes as well as being exposed

at surface near 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

s¢vites and surrounding country rocks to the west.

Profile 7/8/12 (Plate 4D & 4E). Despite the fact that TH-12 is offset

by an angle of 208 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
s¢vitic 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 mateh well by suggesting
a steep westerly dipping orientation 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 10% core recovery

over the central 5,5 m.
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This transection is the only one cutting the inferred fault zone running
along the Tuftehavna creek and restricts the possibilities for orientation

of this major structural element as will also be discussed later.

Profile 9/10 (Plate 4F). This northernmost profile are exclusively dis-

playing data from the central sg¢vite-dominated volume, and therefore give

no information about contact relation. The exposed s¢vites 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.

Synthesis and conclusions from drill log examination.

The general structure of the Tuftehavna area can be a wedge-like zoned
spvitic body surrounded by rauvhaugites 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 fenitie 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
s¢vite contact,

The zoning mentioned above refers to the predominance of blue-amphibole-

bearing s¢vites along the margins.

The suggested orientation of the Tuftehavna creek fault zone ar based on thefact

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 plapar 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.



1) There is no spatial relationship between lamprophyre and fenitic

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

2) 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 lamprophyres

are restricted to the s¢vitic domain.

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

especially enriched in or near to fenitic domains.

4) Lamprophyres occur together with different types of s¢vites, which are

generally high in magnetite,

5) 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.

6) 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 thase.
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PETROGRAPHY

This account on the petrography of the major rocktype in the Tuftehavna area
are concentrated on the potensial ores, but will also give a general

introduction to the nature of the other rock types.

Fenite, syenitic fenite and biotite-calcite fels.

This group of rocktypes has at least one feature in common: They do all of

them appear to be devided from the surrounding gneisses through the action

of metasomatic processes. They are cut by dykes and veins of later carbonatites
and occur as xenoliths in the sevites (Fig. 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 zoned pattern, in the same order as listed, in larpe or

small scale (Fig. 1).

Fig. 1

Fenite. This rock type are characteristically composed of microperthitic
alkalifeldspar and aegitine with soda amphibole, apatite, sphene, zirkon,
pyrite, calcite and quartz as minor, highly variable constituents

(Brogger 1921, Sather 1957, Olmore 1982). It is mainly recorded from lower
sections of TH 1 (Olmore 1982) and is therefore possibly making up larger

volumes along the western margin of the mapped area.
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Syenitic fenite, This term was introduced by Vartiainen & Wolley (1976)
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 Szthers (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 commen along the western edge of the mapped area.

Further metasomatic alteration leads to the complete breakdewn 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. 1).

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 Breggger (1921) and also used by Szther (1957) in
slightly altered form ("biotite calcite rock"). Brggger (1921) did also
introduced the term 'hollaite", which Sather (1957) abolished, as the rock
type concerned could simply be called '"pyroxene-sgvite". 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 adepted by the coworkers
within the present project (eg. Olmore 1982, p.2) as hollaite proper is

virtually absent within the Tuftehavna area.

This rock type is generally mineralized with Nb-oxides, the nature of which
is not studied in detail. The corresponding Nb205 -content is usually
below 0.5 % wt. over narrow zones along the interface between adjacent segvite

and biotite-calcite fels.
Sgvite

Terminelogy Sevites, in several varieties, dominate the area of concern.
Bregger (1920) introduced this term to cover the nearly pure calcite-rocks.

These are 'calcite-carbonatites" according tc Streckeissen (1979).
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Brogger (1920) applied separate names, like hollaite, kdsenite and ringite

to calcite-rocks dominated by different non-carbonates. Sather (1957)

refined the term "spvite'" by restricting it to calcite-rocks with non-
carbonates <€ 10 %, and used the appropriate pre-fixes for those rocks
carrying between 10 and 50 % non-carbonates e.g. pyroxene-sevite. This latter
principle of terminology will be applied here, whenever possible. However,
these terms will nevertheless be compared with those of Bregger, in an attempt
to clear up the confusion introduced by unfortunate use of certain terms in

recent year.

The felleowing account will be subdivided on the basis of structural, textural
and mineralogical characteristics of the different varieties of sevites in an
attempt te disclose any systematic variations within the area. Tentatively
6 types of sovite are defined. The importance of this subdivision is left

to future workers to decide upon.

Sevite I. This type is usually coarsegrained with a patchy appearance and

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

Fig. 2

The major non-carbonate phases are biotite, magnetite, apatite, green amphibole
and pyrite. All occur in highly variable amounts, and usually only 3 or 4
are present in an sample,Accessorial constituents are clinopyroxene, muscovite,

ehlorite and zirken.
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The rock type exhibit a heteroblastic texture coarse calcite, biotite and
magnetite crystals and interstitial mediumgrained calcite, apatite and
other phases present. Magnetite often show a skeletal habitus where large
grains are cut into seperate elongated pieces in optical continuity with
each other, and with mainly calcite and apatite in between. This is probably
due to late magmatic resorption. Magnetite also occur as overgrowth on

strongly elongated pyrite grains.

The coarse calcite grains are zoned with increasing dolomite contents along

the rims (Cathodeluminiscence: core: orange, rim: more reddish.

Apatite occur as medium sized rounded sub. to anhedral grains, often strongly
elongated, and zoned with respect to amount of microscopic inclusions

These, which nature is not known, are clouding the cores of many grains,
whereas virtually absent in the rims. The green amphiboles are secondary
relative to the calcite: tiny single fibres or radial aggregates of such along
restricted granulated zones, or more rarely spread in the massive pérts of the
rock.,

No significant Nb-mineralizations are observed.

3b3 Sgvite II. This type show a coarse-grained patchy texture and white to blue
colour, the latter being due to the content of alkaliamphibole,
(Reference sample. Th 3, 84.80 m).

Major non-carbonate phases are blue amphibole, magnetite,biotite, apatite and
pyrite. Among the accessorial minerals are small euhedral zirkon inclusions

in ecalcite the most characteristic.

Calecite is the only primary carbonate present. The mineral occur together
with apatite in a granular texture. A cathode luminiscence survey revealed a
weak zoning pattern in the coarsest calecite grains: orange rims and slightly

more reddish cores. The significance of this observation is not stated.

The blwamphibole, a riebickite ace. to Andersen (1981), occur cm-sized
radial aggregates. The mineral seems colourless i thin section. The

aggregates are often rimmed by granular medium grained apatite. This apatite-
medification as well as the matrix type are zened in the same way as in the

Sevite I.

Magnetite occur as eu — to subhedral up to 1 cm large crystals which have
exsolved Ti-ores. Dendritic and/or skeletal development of magnetite are

also often observed.
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This segvite type contribute significantly to the total phosfor content of the

area, but is not of any importance as source of Nb.

Fig. 3b

Spvite III. This type is mediumgrained with grey-green to light pink coleour,
and often inhomogenecus, patchy as the preceding type I and II. It is
generally massive without distinet foliation developed. The major non-
carbonate-phases are green amphibole, biotite, magnetite, apatite and pyrite,
whereas zirkon and celumbite occur in accesorial amounts. Reference sample

is TH-3, 58.40 m (Fig. u).
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Fig. 4

This rocktype is deminated by calcite of highly variable grain size 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 polyonal aggregates.

The apatites are full of inclusions, equally distributes, allthough some grains
enclose large (a 0.1 mm) carbonate grains in the core. The nature of this

carbonate is not known.

Pyrite occur as rounded, often strongly elongated medium sized grains.
Occationally euhedral cubes are alsoé observed. It is often surrounded by
secondary magnetite. Magnetite do alsc occur as euhedral individual erystals,
often enclosing ilmenite exsolution lamellaes. Either modification are

extremely impure with large amount of caleite inclusions, or appear as skeletal

remnants intimately intergrown with caleite.
The zirkens occur as minute grains interstitially between or included in calcite.

The columbite occur as eu - to anhedral homogeneous grains, < 2 mm, but are
often rounded and full of intergrowths and inclusiens of caleite. This

Nb-mineralization is common and is estimated to be comparable to max.
2]
0.5 wt & NbQDS'

Sevite IV. This type is more finegrained, grey, often with a weakly developed

layering duc to conecentration of mafic minerals. These are biotite, apatite,

chloprite and pyrite and occcessional amounts of quartw, magnetite, phyreochlore
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and columbite.
In addition to calcite, ankerite and dolomite are present in significant
comments,

Reference sample: Bh 4: 64,50 m

- -4

Fig. 5
The rock exhibits a polygonal texture of mediumgrained calcite and fine
grained apatite, the latter often concentrated in aggregation. The calcite
is zoned in the way that it is rimmed by dolomite along grain boundaries and

secondary biotite + chlerite -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 biotites are

subsequently surrounded by anhedral finegrained aggregates of dolomite and

ankerite, and, as an outer rim of this coronalike structure (Fig 6), polygonal

medium to fine grained strongly zoned apatite,
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The zoning shows as shadings in blue in cathode luminoscope and to some

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

Pyrite is the most abundant opaque, ocecuring predeminantly as <& 0.05 mm

euhedral cubes. Minor amounts of euhedral magnetite is alsc observed,

Pyrochlore and columbite are intimately intergrown. They ocecur as euhedral,
strongly zoned, 0.05-0.1 mm large crystals. The cores are dominated by

pyrochlore, which are translucent with a deep red-brown celour.

Towards the rim the amount of cpaque columbite increase gradually within the
pyrochlore zones as "blebby" inclusiens, as well as constituting separate
zones with pyrochlore as the minor phase. This mineralization is a general

feature, resulting in an estimated NbaOg -content of ca. 0.3 and less than
0.5 % wt. in the whole rock.

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

Calcite is completely dominating also this rock. Minor constituents are

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

identity.
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The calcite is generally mediumgrained with uneven grainboundaries. It is
crowded with included minerals as well as with two phases fluid inclusions

(gas - liquid).

The graphite spheres are zoned (Fig. 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 and pyrrhotite.

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

are in contact with calecite.

Fig. 8



- 17 =

Sevite VI, Sevite dikes. In a number of cores crosscutting relationship

between different types of sevites can be observed. In these cases the later

dike-like sgvites are generally 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 sevite (Sevite I1) and a layered lamprophyric

biotite-apatite rock are ecut this later generation (Fig. 9A and B, resp.)

Fig. %a

Fig. 9b and 10a

Equigranular caleite make up mere than 95 vol. % of these dikes. The rest is
rounded, elongated ecrystals of apatite crowded with very finegrained
unidentified included minerals, and occational larger subhedral biotite-
crystals. The biotites are usually strongly oxidized and/ore chloritized.

No MNb-mineralization are observed in these dikes,
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Late segregations associated with sevites

A number of different rocktypes appear as segregations or dikelike bodies
within sevites. 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.

Biotite-apatite rock/lamprophyre. This rocktype occur as irregular
segregations, lenses, veinlike bodies or dikes predominantly related to biotite
bearing sevites., The thickness of single bodies varies from a few millimeters
to more than 1 m. The small lenses and segregations are usually elongated
parallell to foliation if present in the surrounding sevite. (Fig. 10a).

Veins and dikes do, however, often cross-cut such features (Fig. 10b},
suggesting that multiphase or continues subsolidus defermations has taken place,
in accordances with the couc.usions of Sather (1957). The iotite-apatite
rocks are on the other hand post-dated by intrusiean of zuuhsugite I (Fig. 1o0C),
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 Le nussive, homogeneous without visible linear of planar
structures, or e:pose well developed banding. This is defined either
compositionally by the large modal variations (e.g. 4.8 - 66.3 vol % apatite
(Olmore, 1982)) or variations in grain size. The interface between bands may

be planar or irregular.

The grain size varies from the coarsest biotite up to S mm, to oxides less
than 0.001 mm, thereby giving the rock a heterogeneous appearance both in macro

and micrescopic scale.

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

with minor, or accessorial amounts of carbonate and pyrite.
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Biotite 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 (yellewish) green core, and towards rim the mineral is
strongly pleocroitic dark bluegreen to light brown with dark brown zones.
(Fig. 11A and Fig. 3A, Olmore 1982) This correspond to chemical variations:
the core are enriched in F, Mg and Al and depleted in Si and Fe relative

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

Ti, but depleted in F (Fig. 11b). For further chemical data, se next

chapter.
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Fig. 11 a and b

Inclusions are common. These include sub- to euhedral very fine grained
pyrochlore (and columbite (?) ), and fersmite most abundant near rim,

(Fig. 12), and occasionally a finegrained euhedral Ta-mineral net yet
identified (Fig. 13), and rounded pyrite and apatite. The latter may in turn
enclose pyrochlore and fersmite crystals. Characterstics are also radial
aggregates of 0.0001-0,001 mm thick needles of fersmite (Fig. 14) with

growth centres along rims and internal fractures.
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Fig. 12




Fig. 1lua
Fig. 1lub
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Apatite occur in a granular texture interstitial relative to biotite, with an
average grain-size around 0,1 mm. The mineral may include large amounts of

Nb-oxides, both pyrochlore, columbite and fersmite.

Pyrochlore occur as euhedral, often perfect octzhedral crystals, with size
ranging 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
accumulations of yet unidentified inclusions of size < 0.0001 mm. Preliminary
data show that these are enriched in Ta »relative to the host rochlore.

>

Fig. l5a and 15b

Columbite is the least abundant of the ''common” Nb-oxides. Just scattered
occurences are recorded indicating a general coexistance or emplacement
relation between columbite and fersmite, as they occur in the same textural

relation to other phases or with columbite as inclusions in fersmite.

Fersmite occur as sub- to euhedral crystals, desiminated or as inclusions
in apatite or bhiotite ({ig. 12). Grain-size ranges from 0,01 to 0.1 mm.
The crystal faces are rough and uneven, as are also the hrown colour of the
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Partly metamictized mineral (Fig. 16a). The crystals are extremely
inhomogeneous. The fersmite matrix enclose at least two other oride phases

as well as apatite (Fig. 16b). One of the oxides are most prebably columbite.
Although the small grain size prevents a conclusive identification.

Secondary carbonate appear througout the rocks as very finegrained veinlet

fillings and along grain boundaries. These veinlets are up to 0.5 mm thick.

- C
-~ 4 .
-
: LS

Fig. l6a and 16b

3c2 Magnetite- biotite- apatite rock. In this lamprophyric variety, magnetite

is one of the dominant phases. The appearance is in most respects identical
to the former biotite- apatite rock, massive and coarse grained. However,

the mineralogy differs considerably. Major Nb-phase is columbite, and calcite
is as well as a major “primary" phase. Pyrite and green amphibole occur as

accessional amounts. Reference sample and sole registrated occurense is
TH~4 around 16.70 m.

The biotite are originally zoned, but is often strongly oxidized and breoken
down to very finegrained clouded aggregates in which fibrous green amphibole
is present as an important phase. The zoning pattern indicates that the

crystals have grown in two steps: The core has a uniform very light green to
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brown colour and show just weak pleochroism. This core is overgrown
concordantly by a fine laminated, Strongly pleocroitic zone of brown to dark
redbrown colour. The outer rim of the biotites show a zonation inm lightbrown

to redbrown colour discordant with the former, indicating a brake in the growth.

Magnetite occur as up to 5 mm euhedral very impure crystals. They are crowded
with inclusions of non-opague 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 opr 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,

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

Fig. 17
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From the cores, thicknesses between a few cm and 2-3 m are observed, most

common are 10-30 em. The grainsize is also highly variable from sample to

sample and from one phase to another,

Magnetite occurs as sub- to euhedral single erystals up 1 cm, and as up to

5 em 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 leng and
less than 0.05 mm thick. The mineral is macroscopically bluish, but

colourless in microscope.

Apatite are usually subhedral reounded granular with grainsize up to 1 mm. It
is distinetly zoned: the central parts are crowded with inclusions, mostly
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 oceur 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 from

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 (7)),

not yet identified is recorded next to large magnetite crystals,
No distinct grains of Nb-oxides are observed.

Occasional euhedral grains of zirkon are recorded in apparent coexistence

with magnetite, apatite, biotite and calcite.

Apatite-rock. In TH-11 at around 20 m depth is locally developet a
"pure'" apatite-rock strongly mineralized by columbite., It is developet within
a sequence of intermixed rauhaugites and sgvites, but the structural

relation to these rocks are not clapified.

The rock is massive, fine to mediumgrained and has a grey to pink colour.
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Fig. 18a

Fig. 18b

Rauhaugite (II), This late, multiple generation of the rocks are not studied
in detail by the present author. Within the Tuftehavna area they are seen as

numerous veinlets, of thicknesses usually less than a few millimeters, cutting
the other carbonatite types. When cutting sovite rocks, a charachteristic grey

metasomatic haloe is developed, probably due to dolomitization of the calcite.

This alteration feature is also observed around late apatite veinlets, which
for convenience therefore are grouped together with the rauhaugite (II),

although their relative age-relations are not known.
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Szther (1957) reports a general Nb205 - content of 0.2-0.5 % wt. in the
ravhaugite (II), and low content of apatite. In practice, however, these
contents are of no importance, as the total volumes of these rocks are

negligible.

Summary on the Nb-and P-mineralizations.

As a summary of this petrographic account I will compare the occurring rock-

types as potential sources for Nb-oxides and apatite.

The rich ores are represented by what is in this report denoted as Mlate
segregations'. Three of those (see Table 1) have both apatite and Nb-oxides
as major constituents. The fourth, which are blue amphibole bearing, has no
Nb-oxides. Magnetite is a major phase in this one as well as in one of the
Nb-mineralized, but the latter is of subordinate importance when registred

volumes in Tuftehavna is considered,

Of subeconomic importance are the Nb-mineralizations of different sgvite
types (III with columbite; IV with pyrochlore and columbite) which also
contain substantial amounts of apatite; the rauhaugites, which are genepally
low in apatite; and apatite veinlets associated with the second generation of

rauhaugites, and the biotite-calcite fels.

So far no Nb-mineralization are reported from rocks containing blue amphibole
(spvite and segregations). The textures (fibrous radial aggregates) of
these alkali-amphiboles exclude a pure magmatic origin of the mineral.
Chemical considerations suggest that the necessary alkalies are supplied from

(fenitized ?) gneisses, and therefore that these spvitic rocks arve strongly

contaminated.



Mineralizations
Rocktype Nb-oxides Apatite Magnetite
Fenites
Biotite-calcite fels X
Sevite I X X

" 11 X X

" III X X X

" Iv X

1 v _ - -

" VI - - -
Biotite-apatite rock (Segrega type I ) XX XX - '
Magnetite-biotite-apatite rock (Type II) - . XX XX X% @
Magnetite-blue amphibole-apatite rock - XX XX i
Apatite-rock XX xx -

Rauvhaugite I X - -

" 11 X - -
Apatite veins - xX -

Table 1. Major mineralizations and the relation to their host rocks.
- not enriched
x enriched

xx strongly enriched
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MINERALCGY

This chapter will give an uneven presentation of the mineralogy 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.

Mineral analysis.

An ARL- EMX- electrommicroprobe 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 - 1077 a

The analytical detection limits defined as 20 based on counting statistics,
recalculated to wt %, are given.below.

These values are approvimate, 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.

SiO2 .26 Nb205 .31
'I‘iO2 .27 Ta205 .36
A1203 .19
Fel .30 Y203 .39
Mn .30 Ce203 .61
Mg0 .18 La203 .36
Ca0 17 UO2 LL2
Na20 .24 ThO2 .69
K20 .13
P205 .43
SOZ_ .15
F~ 2.65
c1 1

In analytical tables positive detections corresponding to values between

1 s"and 2 p° are indicated as traces ("tr").
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The energy-dispersive analyses of Ta do however introduce a separate preoblem
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 reproducable

agreement between the analyses and published wvalues for Ca0, Na20, P20

5
2=

and Cl . A reasonable proportionality is shown by S0, 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 detecticn

limit.
The specific problem exhibited by F~ caused by three factors

1) Low counting rates for this light element.

2) The element is easily vaporized from the surface as a result
of overheating through electron bombardment. This effect has

been minimised by defocusing the electron beam.

3) 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, - and Cl1° in the apatites more
accurately, the elements were analysed on the manual spectrometers,

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

Oxides

Pyrochlore. This cubiec mineral fulfil the requirement of the general formula.
X22206 (OH,F) where X where the X-position may be occupied by HNa, 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 sgvite, the latter in biotite-apatite rock.

(lamprophyre).

The sgvite-pyrochlore (Sgvite IV) occurs as coarse grains (usually 0.05- 1 mm),
intimately in cyclic concentric zoning pattern with celumbite. The mineral

has a dark brown celour in transmitted light, and a reflectivily higher than
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Microprobe analysis of Std. 85, apatite from Gloserheia,
South Norway.

Values in "{ )" are below detection limits, set here to be 20.

1) 0= (3042“ +F +Cl)

2) Sum includes other R203 = 0,50%
0= is calculated by the present writer.

Analysis by Bmli (1973).

Microprobe analysis of Std. 112, apatite from Durargo, Mexico.

Values in "( )" are below detection limits, set here to be 20.

1) 0= (50, + F 4 c1))
2) Sum includes R203 = 1,43, K20 = 0,01
ST0 = 0,07, As,0, = 0,09
Calculated by the present writer:
- o=
= FeD from Fe203
- 2-
SOA from 303

Analysis from Young et al (1969).

Microprobe analysis of Std. 148, apatite from Huddersfield, Quebec.

Values in "( )" are below detection limits, set here to be 20.
2_

1) 0z (so,"” + F o+ Cl)
2) Sum includes CO, = 0,88 and H20_ = 0,29
Calculated by the present writer:

- 0=

- FeD from Fe203

Analysis from Trzcienski (1974),
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Teble - Za ANALYSTS
:".’:E__ffl__ Date  Si0, ALO, Fed Mg0 CaO NajO PO, Y0y Ce0y Layo, so,.z' Fooc” _?fii--fl_"_‘____
1 14/ 69 () o 0 53,40 (0,14) 39,09 1,34 0 0 L45 2,80 ,18 1,29 96,80
2 " ,68 0 0 0 54,99 (,20) 40,29 .98 (500 (,39) ,60  {1,83) ,20 .92 99,74
3 " .48 0 0 16) 54,72 .28 40,9 (,79) (,18) (,24) 51  (2,53) ,19 1,19 99,83
4 " (1) na 0 54,55 (,13) 1,23 0O 0 o (,14) (2,02) ,16 91 97,45
5 " 35 na na 0 55,90 (,13) 41,52 (,42) 0O 0 0 (.30 ,13 16 98,55
Mean V47 o 0 0 S4,71 1B 41,61 71 14 A3 1,90 ,17 .89 99,47
St. dev L 24 ,90 ,07 97,52 22 18,26 L9703 44
Recommended $2) 49  na na ma 54,47 na 40,67 71 .10 ns  na 2,92 na 1,23 98,13
Table - 2b ANALYS1S
Ansl. no. Date S0, AL0, FeO Mg0 CaO M0 PG, Y0, Ce0, la0, soiz' FFoa ot s
1 1471 34 o (,13) (11) 56,17 46 40,50 O  (,69) (,64) ,69 2,85 ,39 1,40 99,60
2 ,28 0 0 o 55,02 (,11) 41,27 (,24) (,34) (,16) ,B7  (2,18),4 1,16 99,75
3 15/7 (200 o (,18) O 54,21 .32 40,66 O  (,33) (,18) ,87 3,49 .36 1,69 99,11
4 T O 75 TR (19) 0 54,52 ,41 40,38 ¢ (,68) (,65) ,87  (1,68),47 ,% 99,13
s " ,50 0 ‘0 0 54,40 ,35 40,29 (,31) (,55) {,55) ,A5  ( ,80),30 .48 98,02
6 "e) o (19) ,32 54,85 .56 41,64 (,11) ,79  (,75) 87  ( ,33),A3 .38 100,65
7 137,39  na na  (,17) 54,08 ,46 39,72 (,60) (,62) (,37) ,90 4,10 ,32  1,9% 99,78
8 * (18 na na ,25 55,49 38 40,82 0 (,22) (,31) 8  (2,60),43 1,33 100,20
9 . )29 ma na  (,11) 55,42 ,38 41,46 O ,92 J6 86 (2,53),7 1,29 101,79
10 25/5 na (,10) 0 (,19) 55,14 A4 39,95 na 0 na na 5.3 na 2,25 98,92
n " na (,10) 0 0 55,64 ,36 139,53 na  (,21) na na (1,66) na 70 96,60
12 " na 0 0 0 55,51 ,46 40,65 na  (,33) na na (1,09) na 46 97,58
13 " na 0 (,21) ,26 54,62 ,35 39,7 na  (,16) na na 2,89 na 1,22 97,01
14 " na 0 (,17) o 55,38 ,36 _ 40,09 na 0 na na (1,81) na 76 97,05
Hean ) 0 10,10 54,88 ,39 40,47 ,14 42 49,80 2,38 ,39 1,15 99,70
st. dev, L J10 L1254 ,10 67,21 29 5 TR T 1,3% ,06 57
Recommended™ 1,36 07 .05 ,01 54,02 ,23 40,78 45 3,53 ,41 1,66 98,40
Tadle - 2e ARALYSIS
Anal. no.  Date S$i0, AL, Fed Hg0 Ca0 Na0 PO, Y0, Ce0y Lay, soaz' roa” os! s
1 14/7 1,44 O G190 83,20 .32 37,64 (34 1,34 (44) 1,14 4,18 0 1,95 98,02
2 " 1,23 0 0 0 53,87 ,2 31,78 0@ 1,28 (,20) 1,08 3,10 0 1,49 97,31
3 "o1,07 0 0 0 53,14 (,13) 37,60 O 1,06 (,43) 1,11 3,49 0 1,65 96,38
4 13/7 1,67 na na (,10) 53,95 (,12) 37,46 1,02 1,41 .81 81 (202) 0 1,02 97,83
Mean 1,20 0 o 0 53,55 ,21 37,62 ,u 1,27 W7 1,06 3,22 0 1,33 97,39
se, dev. 18 42,10 Jb a8 18 .25 .15 86 ,39
Reccomended?) 1,75  na 212 na 53,66 28 38,08 15 1,22 S 87 3,90 na 1,73 99,91



Sample No. Point Nb205 T3205 'I‘102 UO3 A1203 . Ce203 Fed Mno Mg0 Cal Na20 E Sum
TH-1 3.95 m 1.1 59.1 0 4.1 0 0 0 0 0 tr 19,2 7.0 8.0 99.4
" " 1.2 67.5 0 3.8 0 tr 0 0 0 tr 18.7 6.4 6.5 96 .4
" " 2 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] 4] tr 0 tr 18.8 6.3 8.7 95.9
" " 3/4 57.6 2,3 3.6 0 .3 0 2.6 0 tr 21.8 tr 3.8 88.2
TH-1 3.85 m 1.4 63.6 .5 b,2 0 .3 o .8 0 .3 16.6 6.3 5.9 92 56

1.5 68.6 0 3.4 0 0 0 0 tr 0 19.1 6,2 6.3 97.3

) (]

o

|

Table 3. Selected microprobe analysis of pyrochlores from biotite- apatite rock (lamprophyre).

Sums do not include F-,

"tr" = traces
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that of the assoclated columbite. It is crowded with inecluded phases, quartz
and pyrite are registered. Preliminary data on the chemistry indicate that
this m dification is high in V (~5 % wt) and Ta (~10 % wt), and are to
a certain extent in accordance with the Ca-pyrochlores reported by Mariane
(1980).

The "lamprophyre - pyrochlores™ are already described in Ch, 3e¢l, Fig. 15,
They are characteristically colourless to light brown, and exhibit wvery strong
internal reflections, The grain size varies from 0.001 to 0.05 mm. The
chemistry is rather uniform, as shown by selected analysis listed in table 3.
They are characterized by relatively high contents of Ti, Ca, Na, and F7,
hereas Ta, V and Fe are low or virtually absent. Noteworthy are the
possitive correlation between Ta and Fe enrichments and Nb and Na

depletions,

Columbite. This orthorombic mineral is the most widely distributed
Nb-mineral, reported from sgvites, lamprophyres and rauhaugites. It is always
opaque, and anisotropic with a grey colour in reflected light. The mineral's
ideal formula 1is XZQOB where the X-position most commonly are occupied by
Fe and Mn, and the Z-position by Nb and Ta. However, chemistry, as well as

size and textural relations to adjacent phases are highly variable,

Columbite in "Spvite III" occur as anhedral, often rounded grains, with size

less than 2 mm. Chemical analyses of two grains indicate high Fe and low

Ti and Ta relative to the other modifications (Table 4).

Columbite in "Spvite IV" are intimately intergrown with byrochlore in zoned,
euhedral, up to 0.1 mm crystals. They are rounded with very finegrained
inelusion of pyrite and a silica phase (according to chemical indications).
The ceolumbite crystals are chemically inhomogeneous, but generally lower in

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

Columbite is a subordinate phase in biotite-apatite rock where it occur

closely assosiated with and prebably in a replacement relation to fersmite, it
is not easily separated optically from the latter despite its higher
reflectivity. Very fine grained inclusions in fersmite fulfil this
requirement (Fig. 15), but are unfortunately too finegrained to be identified
by use of microprobe. Analysis of definite grains are given in Table U4,

They show the lowest ln-values and are alse relatively low in Ta.

Columbite is, however, the major Nb-phase in magnetite-biotite-apatite rock.
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Analysis

Sample Point Rock Type Nb,0, Ta,0, TiO, AL,0, Sc,0, Y,0, Ce, 0, Fel Mn0 Mg0 Ca0 Na,0 vo., P

TH-3 58.40 1 B Sevite III 76.1 0 2,1 tr 0 20.3 1.2 tr .3 tr tr 100.0
TH-3 58,40 1 ¢ Sevite III 73.6 0 2.6 0 o 19.7 .9 0 1.8 tr 0 98.6
TH-u B4.50 2 B Sevite IV 69,0 5.6 h,2 tr 0 19.0 1.5 tr .2 0 0 99.5

TH-4 64.50 2D Sevite IV 66.4 4.2 .4 -4 .9 17.9 1.3 .3 .8 tr 0 85.8

TH-1 3.95 1.7 Bi-ap-rock 72.6 LU 5.8 0 0 18.7 H 6 1.9 0 0 100.4
TH-1 3.95 7.4 Bi~ap-rock 4.5 0] 4,5 0 0 18.4 .8 .7 .9 0 0 99.8

TH-1 2.60 1.3 Bi-ap-rock 68.7 1.5 7.8 .3 0 18.5 .9 .9 .5 tr 0 99,1
TH-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

TH-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-11 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 .
TH-11 20.10 1 C Ap-rock 67.4 2.7 2.5 .2 0 17.1 1.2 tr 5.3 0] o 96.4 e
TH~11 20.10 1 D/E Ap-rock 73.7 2.6 3.3 0 0 19.5 .9 .3 .7 tr 0 1C1.0 !
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 <@g.5 97.33
Fv-23 3 Rauvhaugite II 69,77 5.50 .38 .73 19.76 3.45 <0.5 99.59
Fv-23 4 Rauhaugite II 69,89 5.84 .54 .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
Fv-28 B Rauhaugite II 71.40 5.7u4 2.74 65 17.48 <0.,5 98.02
Fv-28 7 Rauhaugite II 71.78 5.16 .73 U6 20.67 <0,5 98.80

Table 4. Microprobe analysis of columbite from different rocktypes from

the Tuftehavna area, and for comparison from rauvhaugite II W of
* Fensgruvene (Amli, 1974, samples FV-23 and FV-28, Wavelength dispersive

analysis). -
"tr" = traces
Blank = not analyzed
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Optically the mineral is homogeneous with no sign of zoning or included or
exsolved opaque phases. However, the mineral is crowded with non-opaque
phases, of which one is identified as a thorium-silicate, probably thorite.
Analysis of the columbite, listed in Table 4, show variable, but significant

contents of Ta and Ce, and a positive correlation between these elements
and Mg and Al,

Columbite is also the major ore mineral in apatite-rock, where it occur as

mm-sized subhedral, rounded crystals, poicilitically enclosing medium to
fine-grained subhedral apatite. The chemistry varies somewhat indicating
thourough inhomogenities The high Ca (Cad = 5.3 %) in pt. lc, a rim
position in the analyzed grains, may be due to interference from included
fersmite not registred optically, or possibly a solid solution between the two

Structurally closely related minerals. The Ta~contents are noteworthy above
2% (wt % Tazos).

Columbite in ravhaugites has not been studied by the present author. &mli
(1974} has analyzed columbites from ravhaugite II sampled west of Fens-
gruvene. His analyses (see Table 4) show strong enrichment in Mn, Sc and
Y. The two latter elements have not been found in significicant amounts in
any columbites analyzed during the cource of the bresent study.

Fersmite. Fersmite is an orthorombig mineral with ideal formula

XZ, (0, OH, F)g where X is represented by Ca, Ce, Na and 2 by

Nb, Ti, Fe, Al according to Fhillips & Griffin (1981). Briefly speaking this
means that fersmite is chemically related to columbite by exchanging Fe with
Ca in the X-position. The charge effect of other substitutions is
balanced by substitution of OH- and F- for 02~'

The firm existence of this mineral in Norway has not yet been published,

V. d. Veen (1960) suggests that the phase "intermediate between koppite
and columbite" described by Sgrum (1955) from Sgve is actually fersmite.
Mariano (1980) reports extensive zoning in pyrochlores from the Hydro Quarry
by Ssve. Some of these zone segments consists mostly of Ca and Nb (eg.
figs Sb and 6b, Mariano, 1980), but by containing virtually no Na they are
not resembling known Ca-pyrochlores from the Fen Complex. On the other hand
these spectra seems identifical with the one presented in fig. 10b (from the
Vipeto area), which is identified as a fersmite, although not "isostructural
with pyrochlore" as claimed on p. 20 (Mariano 1980), but with columbite.
However, as no analysis corresponding to these spectra are recorded in his

tables, no stcechiemetrics calculation can be carried out to control the

identity.
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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 sugpests 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.

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 $%.

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 sgvites 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.

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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Sample Potar  Tio, AL, Fed W ngo a0 ¥aj0 00 Te0, a0, W0, L n
™1 1.9 1 1.8 tr r [N 1% na 7.2 . tr 9.1
2 2,2 [H ) (14 L] [N ] i, e ™.z 1.5 tr 9.7
3 1.% A a o (Y 15.3 LT .1 kr a.a 7 Lo ]
L] 1.9 PR ) Q o (1} 16.0 w.a 5.7 tr & o6 L .6
™1 L9 L 2.3 L} tr L L] 11 tr ™, ¥ L o 0 (2.6} 54,1
1.3 3.7 ] 8 w tr e e .7 ] (] ] 11.8)  100.%
1.6 2.9 wr w L] o 17.4 ] .. o3 @ L] i2.1) 0.6
1.3 1.1 o L} L} w 6.0 w s W5 r o ir.o) .7
1.9 T.h L] 1,3 i o 1.2 L] n.5 -3 i L] (1,2} 9.7
1.10 7.7 L) [ ] tr 1.0 L] e -& tr Q {.9) .9
1.11 1.5 [ . [} 11 L] T .. L] a { &) 99.7
1.1} 1.7 L wr L] L] 16.% 0 76.5 -5 1.4 L] { . .0
1.1l 2.2 i ] L] i 17.6  tr .1 tr 1.0 L] [ 1.1
L.1% 3.1 wr -5 [ tr 17.. [ .8 .4 L3 tr i1.0) 29,7
L.18 2.3 . il o tr 11.2 L .. Lid a L] i.m 100.5
1.17 1.1 a L L] 9 1.3 L 8.5 tr L} L 9 100. %
3z E NS .2 [ 8 .3 1y . 1.0 (%Y o 11.1) 98,5
Ly 32 ] T e o 1.0 @ n.e tr L] Q -] n.e
Ll LT tr 5 tr L 2.1 [ LA 1.1 R L] {.%) 7.
L] 1.2 +5 L] LT3 o 5.8 o ma 1.5 w L 1.3} .9
=1 sl L3 1.8 o 1.6 L] tr 15.% w 5.8 1.% - L] .7 9.5
1.3 1.9 -3 1. L] .2 15.5 ™ .0 1.7 i L] 4,1 .5
TH-1 8.35  L.1 1.4 L] ] [} L] 5.9 L] Ti. 8 -8 ] L] 16 ”.1
1.2 .. [ e tr tr 1T.2 o3 na .5 ] Q L] "8
1.3 2.7 a Q tr L 1. tw .1 W7 [ L] {1.8) ”%.9
1.6 1.8 o r o ] 113 te 73 - L L] { .5} .0
1.7 1.4 L «3 ] L 11.3 w .4 Nl L] T fl.9) k..
™1 %60 1. 2.3 L] o ] tr 7.7’ o .. r e 9 {.3 7.8
1.2 32 il 5.1 [} .3 11.¢ tr ™7 [ ) w L] n1 6.6
L 2,2 L.e L1 - 1.7 18,9 tr n.s .3 1w o (2.9) 9.2
1.8 1.2 +5 | 5 ) [ 7 15.1 -3 T5.0 1.8 ] [ L] 12,8
1.7 L .2 I ] w 158w T2 .5 K} [} [N ] 5.8
1.8 J. .2 1.5 L] 5 8.4 L+ 1.7 -1 a Q [ ] 9.5
1.10 3.7 o Tr -] 4 .1 [] . L] w o 3.3 n.?
Table 5, Mereproba analysis #f feremites from bictite- apatite rocks,
TH=1 Tuftahavna,
ln-lru;-: Fasple T.90 wr Ragaar Magem, ASS Sydvaranger
nbary ¢ N.G.
Y . .
TOAPRS TIPS MRSy it s sk st 4 5o e . ~ETT
L - Structurel forwula,
Sample Polxt T T ' ¥ " Ta e u r
™-1 LS 1.v .10 1.4 L. 8l a5
1.4 1% -7 i.n SO
i1.¢ «17 1.0% 1,93 K-8 -3
1.0 L o1 L9 oL «17
L. 0 08 -2 17 .ol 30
1.10 21 M 1.93 528 «15
T 10 .02 »99 1.4 L1 10
1.12 «13 - .. oL O 3Ll
LI.lw £ 1.03 1.1 «02 -
1.1% oI -02 1.01 1.9 ol .l
1.1% i) K-8 -02 1.02 1.9% B
1.4y 1) 38 1.93 .a2
3.2 Bt .01 .02 1.01 1.7 .01 -0 B L]
3.3 .13 1.0 1,07
s 17 .03 1.1% 1.8 .02 .02 49
1] 08 02 206 97 L8 MLH 2
TH=1 w,%d 1.2 - .08 9% 1.9 a7 .07 .
5.3 12 .02 .07 L02 T L.5) -] e
TH-1 0.3% 1.1 .7 0% -1 1.6 8L 52
1.7 «10 " 1.9 -
1.3 .41 l.01 1.9 .01 .30
1.6 212 1.9 L.e -0l .
1.7 «10 W02 1,08 §.95 i H I
™-1 b0 1.1 .13 1.8% LH £
1.2 L} .02 -5 n.l P 1.9w 0l .57
L. .10 .07 .as Bt} .8 1.63 .06 .03 3
1.8 .0 «03 o8 .08 . l.u .02 .02 -
1.7 .10 .01 O .93 1.3 .02 +02 L]
1.0 alu .91 &7 .23 M L. < 0T
1.10 .13 1.0 .9 5]
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full analysis, more careful individual analysis are carried out for Mg, Cl
and F~ to fix these constituents' variations relative to specific

industrial wants.
As is shown in Table 6, the variations are generally small, Charachteristic
are:

Ca0: 54-56 wt %
Na,0: 0.2-0.4 wt %

2
. - [
P205. 40,3-41.3 wt %
F* : 2.5=4,0 wt %
€17 : 0.04-0.12 wt % (Av. 0.07 %) and

Mg0 0,10 wt %

Contents of S$i0 Al 0 Fe0, C

n? 293> 0, and La,0, are low and irregular.

®2”3 2°3

The only traces of chemical zoning are exhibited by C1 which is significantly
enriched along grain boundaries (cf. TH-1, 9.60 m 1C vz. 1D, Table 6).
Whether this is a general phenomenon or is restricted to certain rocktypes,

samples or structural features is not yet ascertained.

The calculated structural formulaes indicate a deficiency in the P-position
suggesting a significant substitution of C (in the form of (COSOH)a' ?)

for Pou3‘. Taking this, as well as the substitutions of OH for F~ and €1~
into  account the probable full composition of the analyzed apatites may be

expressed as

(Cc A N ) (P S

3y.90-4.98"10-0.02 ®80-0.017%0.02-0.07 2.84-2.92°10-0.4

C ) o, (

50-0.01%.05-0.16" %12 (Fg.70-1.00C!

0-0.2%5-0. 28’

The indicated content of C is comparable to 002—contents between 0.4 and

1.4 wt %. This parameter, if confirmed by later direct analysis, seem to be
the most critical when considering the Fen apatites as possible source of
industrial production of fertilizers. The other quality requirements outlined
by Lenning (1982) are met with as far as the apatite itself is concerned.
Complications arising from impurities in a concentrate are outside the scope

of the discussions in this chapter.

3



SAMPLE e FOINT REF METHOD
TH=13.95 m ! 2575 EDX
1 LY
" spectr
2 25/5 EDX
2 14/7 "
" spectr
i 25/% EDX
TH-18,35 a 1 25/5 "
15/7 spectr
2 " EDX
"  spectr
TH=1 9,60 m 1A 147 EDX
" spectr
1B " EDX
" spectr
1C " EDX
" spectr
1p " EDX
" Bpecty
3 25/% EDX
T-1440m 1 25/5 EDX
1 14/ "
" spectr
TH-3 12,70m 1 15/7 EDX
" apectr
2 " EDX
spectr
3 " EDX
" spectr
TH-3 38,25 1 " EDX
" spectr
243 " EDX
" spectr

ANALYS1S - 42 -

ROCK TYPE Sio, Al,0, PeO Mg0 Ca0 Na,0 PO, Y0, CeO, L0, soaz' ¥ c1” os') sum

Bi ap-rock na 0 0 5.% ,2 39,8 na tr na na er(2.4) na 9 96,0

" \3 tr tr 55.0 ,3 40,7 O  tr 0 ,2 3.0 01.4 97,8

" 0 1.5 L04 1,6 98,1

n na .2 1] ,2 54,6 ,3 40,4 na 0 na na tr(1.8) na ,8 96,7

L W3 »2 0 tr 55,4 ,2 41,3 «r Ly 0 tr tr(2,6) 01,1 58,9

" 0 3.3 D91,4 99,4

" na .2 tr tr na tr 41,0 na tr na na tr(1,%9) na 8 98,0

Bi ap-rock na 0 0 tr 55,9 ,2 40,9 na 0 na na tr(2.4) na 1,8 98,4

" 0 3.5 ,051,3% 99,1

" [3 tr 0 er 55,0 ,& 40,8 O tr tr tr 4.3 01,8 98,3

" 0 4.2 ,051,8 98,3

Bi ap-rock ,3 tr 0 0 56,4 ,3 40,9 O 0 [} ] 0 A2 0,1 98,2

" o 4.0 ,121,8 100,5

" tr 1] 0 0 55,9 ,2 41,3 ¢ tr tr tr 2.8 01,2 99,0

" o 1.8 ,081,2 59,1

“ b 0 0 0 56,4 ,4 42,0 O tr tr tr (2,00 O B 100,2

“ 0 3.0 A11,3 1008

" tr Q 0 r 55,9 L4 41,7 O tr [o] 124 ter(l,8) 0 ,8 990

" e 3.4 08 1,4 100,1

. na [V} W3 55,7 .4 41,0 na te na na 0(¢,9) na ,4& 97,9

sovite na tr 9 56,1 ,3 40,8 na na na tr{l,4) na ,6 98,0

V2 o 6 54,8 ,3 40,3 0 0 [V tr te(23) 0 ,9 96,9

" 0 3.3 07 1,4 97,6

Mgt-bi-ap- ,§ 0  tr ,2 54,3 ,2 40,4 O 0 0 tr trd2,3) 0 1,0 96,4
rock

" 3.0 D06 1,3 87,4

" tr tr  tr ,2 54,0 tr 40,1 cr 0 0 tr tr(,9) 0 4 94,8

" 0 2.9 ,05 1,2 96,1

" o3 ,2 O er 55,0 er 40,8 © tr 0 oA tr(l,?) 0 .8 97,8

= a 3.0 ,05 1,4 98,4

Ap-vein tr 0 L4 .3 544 L4 40,6 O 0 0 tr 2.6 0 1,197,6

" 0 2.6 L08 1,1 97,7

» 3 0 0 0 5,3 2 40,4 0O tr 0 3 3,6 er 1,6 92,5

) 0 3,4 L1 1,5 92,5

Table &,

Microprobe analysis of apatite from Tuftehavna, Fen.
EDX- Energy-dispersive measurements; Spectr.: "Wave~length-
despersive” measurements pade on separate manual spectrometers,

Lr= traces; na= pot analyzed; Om (F'+C1-¢50a2-).
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Structural formula, based on 25 0+ 2(0H, F, Cl1)

TH-1 8,35 1

TH-1 9,60 1A ,05

TH-1

TH-3

TH-3

1B

1c 07

1D

4,40 1

12,70 1
,08

38,25 1

2/3

9,86
9,92

9,93
9,92

9,87

9,89

9,92

9,88

9,87

9,81

9,92
9,92

9,89

9,94

9,96

9,75

9,93

5,76
5,85

5,78
5,73

5,77

5,67

5,80

5,81

5,81

5,70

5,72
5,73

5,82

5,83

5,84

5,75

5,82

01

o

+03

,02
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Silicates

The silicates occuring in rocks from the Tuftehavna area have not received
the attention deserved. For petrogenetic and metallogenetic purposes, the
intention was originally to "map" the chemical variations for the most
widely distributed silicates and correlate such data with those 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: biotite-apatite rocks and magnetite- bictite- apatite

rocks.

The biotite-phenochryst of these recks are zoned, often cyclically. The zoning
pattern in biotites from biotite- apatite-rocks are described in Ch. 3.

The underlying data (Table 7) show that they are magnesian (Mg/Fe-raties

are between 6 and 9) although not as magnesian as the cne analysis from a
sgvite (pers.comm. S. Olmore). Qualitative data on biotites from a magnetite-
biotite~ apatite- rock show a similar Mg-rich core, but a much stronger Fe-

enrichrent towards the deep brown rim.

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

from damtjernites reported by Griffin & Taylor (1975) with 3-6 wt % Ti0,.

Routine fluorine-analysis would normally be of limited value in a Fe-rich
phase, because of the overlap between the employed F K-lines and Fe L-lines.
However, the expected proportiocnality between apparent I and Fe detections have
not shown up. From Fig. 11 1t can be seen that the two pnarameters are partly

inverse proportional suggesting that for some reason these F-values are

conditionally reliable.



Sample Point SiO2 TiO2 A1203 Fel MnoO Mg0 Cal NaQO K2O F~ P

TH-1 3.95 1 A core 40,2 0.3 11.5 4,4 tr 25.3 0 .3 10.2 2.4 gu.6

TH-1  3.95 1B J 40.7 0.5 10.8 6.0 0 2U.5 0 tp 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 .5 10.2 3.0 96.9

TH-1 8.35 1B | 44a.3 0.5 12.8 q.7 0 25.2 0 ) 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 98.1

TH-1 8.35 10D | 4l.4 0.4 11.8 5.5 0 25.4 0 0 11.0 9.2 100.7

TH-1 8.35 1B V 41.7 0.8 11.3 7.0 0 23.3 0 0 10,4 4.0 398.5

TH-1 8.35 1 F rim 42.5 0.5 11.8 6.8 tn 23.9 tr ir 10.7 b.7 100.9

TH-1 8.35 1 G core Lo, 0 0.5 12.5 4.9 tr 25,3 0 L 9.9 5.0 98.5 |
TH-1 8.35 1H l 40.5 0.5 11.6 6.6 ' 0 23.8 0 tr 10.6 5.0 98.6 &
TH-1 8.3 1 I rim 41.9 0.5 12.2 6.0 0 4.0 0 tr 10.7 3.8 89. 1 1
TH-1 9.60 1 A 40.8 0.3 10.5 5.9 0 24.8 0 0 10.5 4,2 97.1

F-0014 41,33 .27 11.15 2.7 n.a 27.86 1.33 n.a 9.93 1.94 99.92

Table 7. Microprobe analysis of biotites from bicotite- apatite rock from Tuftehavna

(TH-1 -samples analyst H.Q.), and from Sevite (?) from the Hydro Quarry
(F-0014, analyst A.I, Gunow, Colorado). .

. - . — 24
Sums inelude F but are not adjusted for F = 0° .

= 2
Sums of sample F-0014 also includes calculated H. 0O 3.72 % (by Gunow,

pers. comm. Olmore).
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CHEMISTRY.

A general chemical assay program for selected elements has been carried out

on the split drill cores. The complete TH-1 has been analyzed for Nb, Y, Th,
Ce and Ta by Sentralinstitutt for industriell forskning (SI) and on
selected sefments for P by either SI or Institutt for energiteknikk (IFE).

The cores of TH-3 through TH-12 are analyzed partly or completely for
Nb, Ta, U and P by IFE.

The chemical data are earlier presented by Hultin (1982). As they are
obtained from two different laboratories knowledge of the correlation between
the two as well as the accuracy of the data is essential,

For this purpose the upper ten meters (2.35 - 12.0 m) of TH-1 have been
reanalyzed by Louviers' Laboratories, Colorado, USA (Olmore 1982) and by

IFE for some of the elements discussed in the present report: Loviers,

Nb & Ta; IFE: Nb, Ta and U. No countercheck is made on P.

The results are listed in Table 8. These show that there exist rather essential
divergences between the values from the different laboratories. However, for
most of the elements these divergences seem to be of a systematic character.
E.g. for b and U IFE's analysis are always significantly lower than the two
other laboratories, whereas their Ta-values generally are higher. Louviers'
are low in Y and high in Ce relative to SI (these elements are not analysed
by IFE). The correlation between Th-values from Louviers' and SI is better.

This suggests that the major preblem is one of calibration.

No further control of analytieal results or interlaboratory correlation has
been carried out. With basiz in petrographic observations I do however,
regard the given results as being of reasonable quality, thereby taking into
account analytical problems related to the elements involved, the "unusual”

bulk chemistry and the methods employed.
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Table 8
Depth (m)
2,35 - 13
3~-u
4 -5
5-6
6 -7
7 -8
8 -9
9 - 10
10 - 11
11 - 12
Table 8,

Lab,

51
Louviers

IFE

SI
Louviers
IrE

sI
Louviers
IFE

51
Louviers
IFE

51
Louviers
IFE

s3I
Louviers
IrE

SI
Louviers
IFE

SI
Louviers
IFE

sI
Louviers
IFE

SI
Louviers
IFE

Chemical analysis of samples from TH=1, 2.35 = 12.0 m
by three independant laboratories.

4,00
3,07

3.43
2.92

5.43

=

W43

4,72
4,67
3.3

2,00
1,47
1.3

- 47

Ta,0

275

,062
054
.107

.032
021
.037

010
012

.039
.038

.033
.022,

.053
.057
.068

+0&9
041
L0563

0l4
.008

.15
.009

.010
.06

011
.007

.011
.007

.011
.006

.010
.009

017
007

.015
.009

.06

The,
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Correlations of main oxides

Plate 5 - 8 present the results for Nb205, TaQOS, P2O5 and Uao3
respectively. These plates are transparent overlays designed to fit directly
onto each other,the lithological drill-logs (Plate 2), or the geonhysical
core date (Plate 9 and 10), thereby making the conditions favourable for the
reader to make her/his own conclusions. I will therefore confirm the

discussion to make some comments on the illustrations and the relations

between them.

Plate 5. Nb205 show major enrichments through the lamprophyric rocks,
mainly biotite-apatite rocks, but alsoc related to magnetite-rich varieties,
as in TH-4% and TH-12. The large volumes of Nb-enrichment are represented
by biotite-calcite fels and fenitic recks in TH-1. However, this enrichment

is not strong enough to be of economical interest.

The major Nb-depletion is sheown by the sgvites containing blue amphibole.

Plate 6. Ta205 is enriched in the biotite- apatite- rocks and to some
extent in ravhaugite I and apatite-rich sevites. The enrichment related
to fenitic rocks ete. is not as pronounced as for Nb. E.g, in TH-1, there
is some Ta-rich zones between 125 and 165 partly related to biotite-

calcite fels, but the Ta-content decreases further downwards.

Plate 7, P205 is of course reflecting the apatite contents in the rocks
and are therefore enriched in seovites, lamprophyriec rocks and other 'late
segregations”" and apatite veinlets. Relative low P-contents is found in

ravhaugites and fenitic rocks.

Plate 8. The higher USOB—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 de not show any distinct pattern in this respect.
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Chemical correlation.

The correlation between Nb (Plate 5) and Ta (Plate §) is very good and
generally independant of rock type. The correlation with P (Plate 7) is
also good, althrough the latter element show a much wider distribution of
enrichment, especially in sevite rocks. Correlation with U (Plate 8) is
not so well pronounced, with a wide range of rock types contributing to the

higher values.

The correlation between Ta and P is generally good. Most sections enriched
in Ta are also enriched in P, but the opposite is not always the case, e.g.
in apatite veins in TH-7, ad in the blue amphibole- magnetite- apatite
segregations. The correlation between Ta and U is very gocd and generally

independant of rocktypes.

The correlation between P and U is not very good, i1llustrating the lack of

enrichment of U in apatite-rich rocks.
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GEOPHYSICAL SURVEY.

A careful review of the geophysical survey in Tuftehavna and adjacent areas
is given by Carstens (1982). I will therefore here just add some comments
to the possible correlations between lithologies and geophysical parameter, as
measured on the drill cores. I will also include an evaluation of gravimetry

as a possible toel for detecting mineralized lamprophyres within the
Fen Complex.

Magnetic Susceptibility

When measured directly on undisturbed drill cores, magnetic susceptibility
give a (semi-) quantitative measure for the content of ferromagnetic minerals,

i.e. here mostly magnetite.

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

It should be noted at this stage <that the data used in this presentation are

obtained by several workers, utilizing not exactly the same techniques.
However, the general approach has been to make a member of measurements
(usually three) over a distance of 1 m and average to obtained values before
plotting. Still there may be iﬁhomcgeneities "escaping' measurements
resulting in inconsistencies like the one demonstrated by TH-12, 127.5 n:

an occurrence of magnetite - blue amphibole - apatite segregations, but no
magnetite detected !

from Plate 9 it is seen that the sgvites have a highly variable magnetite
content. Among the enriched varieties are bhlue amphibole bearing. The biotite-
apatite rock has no magnetite at all (e.g. see top of TH-1), as is also the

case with most fenites and biotite- calcite fels (lower part of TH-1) and
the rauhaugites.

Gamma-ray measurements

The Y "ray measurements are plottet in Plate 10. Large values show uniform
low or intermediate values. The anomalous high values are confined mostly
to occurences of apatite rich sevites, biotite- apatite rocks, magnetite-

blue amphibole apatite segregations and rauhaugite II.
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Geophysical comparison

As expected the correlation between Y "ray measurements and magnetic
susceptibility is not very good. For the major Nb-enrichments represented by
biotite- apatite rocks the correlatien is negative. The highest correlation
is exhibited by the magnetite-bearing segregation, og which some are also
Nb-enriched. (TH-#, 16.5 m and TH-12, 45.5 m).

There is no indication that sevites adjacent to strongly mineralized biotite-
apatite rocks are low in magnetite. Rather on the contrary, these minerali-
sations show a definite affinity for the blue amphibole (and often magnetite-

rich) sgvites, as is also indicated on Plate 1, the geological map.

Geophysical~geochemical correlation

Low magnetic susceptibility and high Y “ray detections are the undisputed
guides to strongly mineralized biotite-apatite rock. Lower grade mineralized
rocks of this type, do also emit less intense‘}/-radiation (TH-5 and TH-7).

On the other hand the mineralizations magnetite- blue amphibole biotite rock

may also be of economic importance.

Relatively good correlation is shown between }/—ray intensity and P-contents

(Plate 7), possibly relating the )/ -rays to the amount of apatite present.

The last relation to be mentioned here, is the one between ' -ray intersities
and U (Plate 8). The correlation is relatively good, suggesting that U are

contributing strongly te the total Y -radiation from the rocks.

Gravimetric studies

The gravity anomalies across the Fen Complex are known from the work of Ramberg
(1964, 1973). The regional gravity high suggest a dominance at depth of denser
rock types, like damtjernite or vipetoite whereas the higher carbonates

dominates at surface level.

The "pure" varieties of the major rock types exhibit distinct density
contrasts. Due to extensive compositional overlap these contrasts are in
variable degree reduced, but should still be sufficient for detecting a

3-dimentional distributional pattern.
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Density data on the major rock types at Tuftehavna. For this purpose
density data on important rock types appearing locally at Tuftehavna as well
as on major rock types occuring regionally within the Fen Complex are compiled

in Table 9, together with their compositional charachteristics.

The anticipated densities are calculated on the basis of rough petrographic
data, variations in modal composition and reference data on mineral densities.

(Phillips & Griffen 1981, Deer, Howie & Zussmann 1963},

Despite the obvious uncertainties involved in these data, they clearly
indicate that the apatite, magnetite and/or Nb-rich rock-types are among the

densest occuring in the Fen Complex and the densest within the restricted area.

A series of measurements carried out at the Mineralogical-geological museum

on split core segments from Drillholes 1 and 3 give densities between 3.08
and 3.21 gfcm3 (Table 10) on lamprephyric rocks. The intension is that this
sampling should cover a reasonable large range of textural and compositional
variations exhibited by this reck type. However, none of the samples contained

substantial amounts of magnetite, which will increase the densities.

This tentative survey suggests that detailed gravity studies do certainly

represent an attractive exploration methed Ffor localizing new Nb-mineralization.




Table 9

Rock type Major phases Aniticipated Data from Ramberg 1973
(falling order of importance) density range Mean density  Density range

Spvite Ce-bi-blue amph-mgt-ap 2.80 2.73-2.90

Magnetite—segregation

(Mgt>50%) Mgt-blue amph-ap-bi-Cc 4,0-5.2

o Blue amph

E (b.a.>50%) Blue amph-mgt-ap-bi-Ce 3.0-3.5

G L . , . .87-3.16

'g Biotite-apatite rock Bi-ap—-Nb-oxides +/-mgc{;easured:5:22-2.21 :}

. Rauhaugite I Ank-dol-Cc=ap-Cb 2.91 2.81-2,99
Rauhaugite II Ank-dol-Cc-chl
Apatite Ap-dol 2.86-3.2 :
R¢dberg Cc—hm - 2,95 2.86-3.06 ?
Biotite-calcite fels) Bi-Cc-px-chl-ap-ab-

i Holla te/Kédsenite 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 hreccia " + country rock 2.94 2.78-3.12

E Vipetoite Px-amph=-vi 3.11 2.92-3.26

-i Melteigite Px-Ne 3.13 3,02-3.18

& Ijolite ?x~Ne 2.92 2.80-2.99
Urtite Ne-px~bi 2.64 -
Tinguaite Alk,fsp.-Ne-px 2.78 2.76-2,84



- Bu
. . 3
Drillhele ne. ____ . Density glem’  ____
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% s¢vite.
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METALLOGENETIC CONSIDERATIONS

The rock types occuring in the Tuftehavna area represent a sequence of magnetic
and metasomatic events, more or less well-defined and separated. Most of these
events are related to different types of Nb-mineralizations, as deseribed in
preceding chapters. No thorough account on the metallogeny 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 periocd of exploration in Tuftehavna: the lamprophyrie

biotite- apatite rocks.

The biotite- apatite rocks are strongly related to the sevites. Partly they
occur interlayered, partly the bictite- apatite rock crosscut the sgvite there
by postdating it. All the major phases, probably zlso including the ore
minerals found in the biotite- apatite rock do also appear in mineralized
spvites. These include biotite, apatite, pyrochlore, columbite 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 Nb-mineral is columbite.

1t is therefore concluded that the biotite- apatite rocks are genetieally

related to the sevites, in which they are emplaced. It is suggested that they
represent late magmatic differentiates from the sevitic magma, and that they
have suffered from syn to post magmatic mobilization leading to the commonly

observered crosscutting relationship.

The Nb~minerals are regarded as generall having a primary crigin. The
pyrochlores occur as perfect euhedral crystal, showing no textural'or chemical
sign of pseudomcrphism. The primary origin of the fersmite is for internal
textural reasons somewhat cbscure. It is here referred to the numerous

partly 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. Pseudomorphism
from columbite is also regarded as hardly probabie, with reference to the
considerable amount of Fe which then would have had to be moved away from the
system considered. It is therefore concluded that the included minerals either

are primary inclusions or exsclved postmagmatically from the primary fersmite.
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RECOMMANDATION

In the Tuftehavna area we have had the possibility to study the only known

occurence within the Fen Complex of strongly mineralized lamprophyric rocks.

Consequently there is not the faintest statistical reason to suggest that

this is a typical occurence of these important rocktypes.

reservation in mind, the Tuftehavna story points

With this strong

towards sgvitic domains.

The distance to enclosing country rock is small, but that is probably not

diagnostic as the distance would never be very large in this wedge-shoped part

of the sevite body (see key map, Plate 1). Magnetic properties are diognostic

as magnetite is either lacking completely or very abundant in the mineralized
rock types.

3

&~ ~radiation may be diagnostic in sgvitic terrains where the

lamprophyres would be among the most radioactive, comparable with redberg and
massive ravhaugites. Specific gravity is diapgnestic separating mineralized

lamprophyres . from fenites, sgvite and rauhaugites, but not from rgdberg or

not-mineralized lamprophyres like the damkjernites.

My recommendation would therefore be to concentrate the efforts to spvitic

bodies, which exhibit high )/ -radiation, magnetic high or low, and
gravity high.
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10 Figure Captions

Fig. 1  Xenolith of syenitic fenite in sevite.
Alteration to biotite- calcite fels is seen along sgvite-veins
filling the jeints.
TH-6, 41.10 m,

Fig. 2 Spvite 1.
TH-1, 21.70 m
See text for details.

Fig. 3 a. Sevite II,
TH-3, 84.80 m

b. Microphoto of zone. Parallel nicols. Horiz width ca 2 em.
White: calcite and apatite; grey: blue amphibole;
brown: biotite, and black: magnetite and pyrite.

See text for details.
Fig. 4 Sevite III,

TH-3, 58.40 m,

See text for details.
Fig., 5 Sevite Iv,

TH-4, 64.50 m.

See text for details.
Fig. & Sketch of corona textures around altered green biotite.

1. Quartz; 2. green biotite; 3. brown biotite + chleorite;
4. dolomite + ankerite; 5. zoned apatite.

Fig. 7 Orbicular sevite (sgvite V) in contact with pur sgvite,
TH-12, 122.50 m.

Fig. 8 Schematized zoning on either side of the biotite - REE - orbs
in orbicular sgvite.
TH-12, 123.70 n.

Fig. 9 Sevite dikes (Sgvite VI).
a. Cutting blue amphibole-bearing sevite (Segvite II)
TH-4, 28.45 m.
b. Cutting layered lamprophyric biotite- apatite rock
TH-12 104.20 m.
Fig. 10 Relations between biotite- apatite rocks and surronding rock types.

d. Lensoid segregations of biotite- apatite rock in weakly foliated
sevite, cut by younger sgvite. TH-12, 104.20 m.

b, Dike of biotite- apatite rock cutting sevite. TH-3, 32.95 m.
Biotite- apatite rock cut by rauhaugite I. TH-10, 81.05 m.

d. Gneissic interlayering of finegrained sovite (white),
ravhaugite I (grey) and biotite- apatite rock (coarsegrained).
TH-12, 103.80 m.
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Fig. 11 Biotite in biotite- apatite rock.

a. Medified from Fig. 3A, Olmore 1982. Biotite phenocrysts from TH-1,
8.35 m. Heoriz. width 3 mm, parallel nicols.

b. Semicontinous profiles, A-F and G-I, through the two adjacent
phenochrysts. Analysis are recalculated to 100 % on volatile-free
basis. Tor I'~ the original values are used. Full analysis are
listed in Table 7.

Fig. 12 TFersmite (black) and pyrochlore (translucent, euhedral) in biotite-
apatite reck. TH-1, 3.95 m. Horiz. width 0.54 mm. Parallel nicols.

Fig. 13 Euhedral Ta-mineral included in biotite in biotite- apatite rock.
TH-1, 3.95 m. Reflected light, parallel nicels. Horiz. width o.54 wmm.

Fig. 1% Radial aggregates of fersmite needles in biotite- apatite rock.
TH-1, 3.95 m. Horiz. width 0.36 mm.

a. Reflected light, parallel nicols.
b. Transmitted light, parallel niecols.

Fig. 15 Octahedral zoned pyrochlore crystals in apatite in biotite- apatite-
rock. TH-1, 3.95 m.
Parallel nicols, oil immersion. Horiz width 0.06 mm.

a. Transmitted light.
b. Reflected light.

Fig. 16 Fersmite in biotite- apatite rock.

a. Inhomogeneous dark brown to black colour.
TH-1, 3.95 m.
Transmitted light, parallel nicols.
Horiz width 0.18 mm.

b. Included high-reflectivity (relatively) phases in fersmite.
One of these are probably columbite (see text for discussion).
TH=1, 3.95 m.

Reflected light, parallel nicols, oil immersion.
Horiz. width 0.06 mm.

Fig. 17 Segragations of magnetite, blue amphibole and finegrained
interstitial apatite.
TH-3, 88.80 m.

Fig. 18 Rauhaugite I

a. Cutting foliated sevite.
TH-8, 7.40 m.

b. With xenoliths of biotite- caleite fels.
TH-8, 108.25 m.
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Plates LA-4F.

Geological profiles through the Tuftehavna Area, Fen Complex.

Ssimplified and interpreted version of Plates 3A -3F
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Appendix
Diamond drill hole logs: TH3 -—TH-12



DIAMANTBORING Tuftehavna 1982.
Kjerneobservasjoner.
Borhull or. TH—3 Profil L
Koordinater : Y 50960 ¥ 141.534
Pdsatt i hoyde 70 m.o.h. m,
g
® i retning 80
o
&« med helning —45
Borhullets lengde 93.00 m
Boret meter Bergart Kierne- Skifrighet Bergare
mangel prove
0 - 5.10|0verburden
6.80 Grey sgvite, partly rusty, med. gr. o
chlorite vein 5.10 200
Dol. veinlets 6.00 80
Bands of BT + CHL 6.40 35
Breecc. with BT + CHL ? 6.60
10.60 Sgvite, white, massive, med. gr. =
STickenside 7.00 75
Brecciated 7.20 -
PY-rich along fault 8,40 20
Rusty with euh. MT,. 8.70-9.90
12.85 Spvite, grey, MI-rich 12.10
Interst. noncarb. finegr.
phase with grey-green col.
BT+PH cryst, 1-10 mm
13.15 S¢vite, white w/MT
15,80 S¢vite, white to grey, partly brec. text.
Relict, exsolved MT-cryst,.
CHL-joints 15.50
23.20 Sgvite, with bluish/violet subh. relict
cryst. of MT.
Greenksh-grey dol. dike 21.35
Dessim. PHY foliation 21.90 50°
AP-dike 22,20
late rauh, dike cuts fol. 22 .,45-22.60
and mineralization
BT+AP-dike 22.,86-22.90
23,70 Sgpvite, pink to grey, fine gr. fol. 507
25.00 Sevite, fine grained with large euh.
BT-flakes + MT.
32.00 Sgvite, as above partly pink and brecciated.
Late dol. veins 25,85-25.90
Brecciated with grey dol. 26,00
MT-phenocryst, BT < 10 Z 27.70
With PY+AP+MT+RT 29.20
Mafic veins 29.30-30.00
With olivine, dark veinlet .
sub. parall. to e:a 30.00-31.00 10
Cut fol. 70
w9270, PS04 1.



Ark 2 Bh. nr. TH-3 Profil 1
Boret meter Bergart Kjerne- Skifrighet Bergarc
mangel prove
32.90 | S¢vite, Foliated with patches 50°
and stringers of BT+AP -rock
at 32.40-32.60
Dykelet at 132,60
with 50° to c.a.
Crosscutting dike of
BT+AP -rock 32.95-32.90
33.10 | Massive BT+AP -rock, banding crosscutting 50°
some foliation in s¢vite
33.60 | Sgvite, with patches of pink occasional
large (<2 mm) PHYCL cryst.
34.60 | Massive AP+BT -rock
34.80 | Sevite, locally w/AP -dike/ veinlets loaded
with PHYCL.
Pink decolouration. 5
Banded AP+BT -rock, bands 60
Med./fine gr. CHL -joints and probably also
chloritizised BT,
36.80 | Sgvite
36.95 | BT+AP -rock, fine gr. well demonstrated
"dissolved savite".
37.50 | Sgvite
37.80 Late dol (?) veinlets sub parall. to c.a.
cut BT+AP -rock which cuts foliation in o
s¢vite at 75
40.20 | S¢vite,
complex cutting relationships  38.30
1) Weakly foliation s¢vite cut by
2) BT+AP -rock cut by 7 cm
3) Appearantly gneissic apatite or dolomite
veins <2 cm, cut by
4) Greenish veins/joints filled with
dol./ankeritic carb. causing
alteration of s¢vite as well
(Rauh. T1I)
40.50 | Massive AP+BT -rock.
79.20 | S¢vite, usually weakly fol. 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 s¢vite 46.30
i Dol. wveinlets 46.75
Brecciated 48,30
CHL. -veinlets 52.50
Impure 53.00-54.20
Lmpure, gneissic and
breeciated 54.20-56.40
Massive impure sulphide rich 56.40-62.10
LO00-9-74. Fs 0031, A 5. 1. C.



Ark 3 Bh. nr. TH-3 Profil 1
Boret meter Bergart Kjerne- Skifrighet Bergare
mangel prave

Gneissic 62.10-62.90
Homogenous, massive BT-rich 62,90-65.15
Gneissified wvein 64,75
Mainly massive homogenous,
silico-s¢vite with large
amount of blue amph. 65.15-70.60
Without amph., but with
clusters of mafics + PY 70.60-73.60
Impure, some PY + cone. along
dolo (?) wveins 74.,00-79.20

91.30 | Silico -spvite
Large MT -cryst./ clusters
+ PY + PC ? 88.20-88.80

91.90 | S¢vite

93.80 | Sg¢vite, impure, alternating
with silico-s¢vite,
All med. gr.
Stop at 93.00 m,

1 G00-9-74, FS 003l A 4L C



DIAMANTBORING Tuftehavna 1982.
Kjerneobservasjoner.
Borhull ne. TH-4 Profil L.
Koordinator : Y 50359 X 141.534
.0.h.
Pisatt i heyde g 708 m.
2
« i reming 80
o
« med helning - 67.5
Borhullets lengde 91.35
Boret meter Bergart Kjegne- Skifrighet Bergart
mangel prove
0 ~ 2,75 |Overburden
3.80 |S¢vite, fine gr., rusty
5.90 |S¢vite, w/ diss. euh. MT + PY/PO.
6.00 |S¢vite, , deep weathered.
7.50 {S¢vite, fine gr. white/pink
Apatite veinlet 6.20-6.40
Occ. MT -emp. <0.7 cm.
8.20 |Silico? s¢vite, dark grey
Breceiated appearance.
AP or DOL ~rich patches floating
in CaCo3 ~rich matrix
9.25 {S¢vite, white/pink fine gr.
9.75 [S¢vite, Dbrecciated w/ dolomite (?) 2
matrix cutting c.a. 45-75
11.45 |Se¢vite, med.gr. white to grey.
w/ ~s 1 nm BT -grains and agg. of PO.
Decolouration (to pink) along
veinlets v 1 mm thick CHL.
11.60 |S¢vite, with euh. MT -cryst.. ,2 mm
and PO -agg.
12.25 {S¢vite, white impure w/stringers/
patches of mica.
12.40 [Silico—-spvite, w/ large BT and
MT- empt. SGraduation to more finegr.
rock with larger fraction of blue amph.(?)
15.85 |S¢vite, impure. Impurities are
concentrated in irregular patches and agg. o
Joint w/ rusty weathering ok 15.75 70

16.05 |S¢vite, interlayered with pure s¢vite.

16.55 |AP or Dol. dominated rock w/ gneissic
appearance., Frequent <1 cm MT -eryst,
(euh) + 57 Py.

17.45 {Sgvite
17.48 (MT + BT + AP -rock.

| o0 - 9.74. FS 00300 A 4, H. C,




TH-4

Ark Bh. nr. Profil
Boret meter Bergart Kjemne- Skifrighet Beogart
mangel prove
17.70 S¢vite, grey impure silico. med.gr.
17.85 S¢vite, coarse gr. with w/ MT + blue am.
17.90 Sevite
18.15 Sgvite, coarse gr. silico. w/euh.
MT and blue am,
19.25 Sgvite, impure.
19.35 Sevite, gneissic
19.70 S¢vite, Impure w/ oce. MT -cryst.
20.95 Silicaos¢vite, coarse gr, w/MI ~~ 1 cm
conc. betw. 19.70~20.10
21,20 Sg¢vite, pure w/ PY -agg. < 1 em
long lensoide
22,15 Silicosgvite, w/ patches
of PO at 21,50
22.30 S¢vite, impure
23.00 Silicosgvite
25,50 S¢vite, impure, MT-enrichment
at 23,30
and 23.70
26,50 Silicospvite, massive
27.40 Sgvite, rel. pure,
doloritizised (?) veinlet
28.00 Silicose¢vite
28,20 Spvite
28.45 Silicos¢vite
28.55 MICA + AP + PY -rock, 5 cm, encl, in sov.
31.30 Silicos¢cite
31.85 Se¢vite, impure
42.25 Silicos¢vite, w/dess. sulph, (PY + P0O?)
and MT at 32.00-32.50
Zones of gneissification
and decolouration ~ 1 em
thick ~ 10 ¢m zone at 32.50-32.70
blue am. disapp. at  33.25
blue am. increases atr 33.90
w/ numerous stringers at 34,40
and veinlets <1 mm thick
irreg. Traces often parall. c.a.
at 35.10
Significant, but variable
MT -content. o
Cneissified zones at 36.25-36.30 90

Gneissified and coarse
brecciated s¢vite/silicos¢v. at 37.60-37.90
Granular silicos¢vite w/euh.
MT grad. disapp.

grey coarse gr. calc, domn.
rock (silico?) s¢vite?

at 37.90-38.15

at 38.15-38.65

LOOn-9-74. FS 003, A4 HL




Ark 3

Bh. nr. TH-4 Profil
Boret meter Bergare Kjerne- Skifrighet Bergart
mangel prove
Brecciated sevite 38.65-38.85
BT+MT -bearing s¢v.probably
also am. -bearing 38.85-40.60
W/ BT+AM+ acc. MT 40.60-42.25
Dark wein w/wide metasomatic
hale, Dark cale. {(Rauh. II7?7 ) 41.30-42.25
42.35 S¢pvite, fine gr.
42.55 S¢vite, increasing dark min.
Brecciated, gneissic, metasomati-—
cally decolourizised.
Dark grey colour dominates.
45,05 Spvite, white areas dominate
45 .65 Silicos¢vite, spinifex text.
48.00 Sevite
Sgpvite, (silico), "“spinifex" dominates,
patches/areas of more pure sov.
48.60 Spvite, BT + AP -enriched
48.85 Spvite, BT + MT -enrich
48,90 Spvite, BT -enrich
49.00 Spvite
49.65 Silicos¢vite, with BT
49.68 Rauhaugite-vein 45°
50.15 Silicosgvite, partly spinifex
50.60 Sevite, impure, interlayered by
silicate dominated silicosgvite AM, dom.
50.95 Silicos¢gvite, spinifex,
51.05 S¢vite
52.60 Silicosgvite, partly spinifex,
gnelssic and~ or - decolourized pink.
52.95 Layered AP + BT ~-rich
53.20 S¢vite, impure w/ minor am,
56.00 S¢vite/silicos¢vite, impure w/loc. spinifex
and am. as maj. phase.
56.10 Layered gneissic sg¢vite
56.45 S¢vite, impure w/ BT + MT,
partly gneissic, partly homog.
56.60 S¢vite, (silico ?) dark grey homog.
56.82 S¢vite, impure as above
56.87 Sgvite
57.40 S¢vite/silicosgvite, alternating
57.50 Sevite
66.25 S¢vite, Lmpure w/ generally gneissic

appearance.

1000 -9-74, FE 003, A 4. H, G




Ark 4 Bh. nr. TH 4 Profil L.

Boret meter Bergare Kjerne- Skifrighet Berpant
mangel prowve
DOL(?) +/~ CHL -veinlets at  57.20-57.90,
62,50
64.70~66,20
Mafic patches and stringers at  59.20-63.50
[mpregnation of sulphides at 58,70
Veins with metasomatic
lateral alteration at 62.035,
7 cm which erosscutting
foliation in s¢vite.
66.75 Sovite, med. gr.
67.15 Sovite, sulphide rich, mostly granular
impure s¢vite, foliated brecciated fragments
of hollaite (?).
67.45 Se¢vite
67.55 Sevite, sulphide rich
69.20 Sgvite, impure with sulphiderich zones.
Well foliated, often gneissic.
70.30 Rauh. (?), dolomite dominated impure 45°

well fol. with gneissic carbonatite.
70.40 Mafic dike
71.00 As 69.20-70.30

75.85 Sovite, impure
Dolemitic 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 Rauh. impure, sul. -rich mafic stringers.
82.45 Rauh. rel. pure,
82.52 Carbonatite, impure calc. dom,

82.90 Hollaite (?) sul. -rich

83,25 Spvite, impure interlayered w/ holl.
84.10 Sgvite

84,35 Hollaite
B4.42 S¢vite, impure

85.30 Hollaite
85,60 Spvite, pegmatitic
85.80 Hollaite

86.80 Sevite, impure as hollaite
and agg. of sulphides (PY /- 1/2 - 2 cm
!nng)

87.40 Hollaite

L O =994, PR3 A 4 11 d



Ark 3

Bh. nr, TH-4

Profil

Boret meter

Bergart

Kjerne-
mangel

Skifrighet

Bergart
prove

88.10

88.50
89,25

89.97

91.35

Sgvite/Hollaite, heterogenous,
interlayered.

Hollaite, massive, partly coarse er.
S¢vite, impure, layered

Mafic rock, porphyric with eresscutting
s¢vite (zoned) veinlets.

Sgvite, w/ large patches of hollaite.

The latter is PY -rich.

Stop at 91.35 m

OO0 -9-74. FS 003, A 4, HL




DIAMANTBORING

Tuftehavna

Kjerneobservasjoner.

1982.

Borhull nr. TH-5 Prafil 2
Koordinator: Y 50998 X 141.495
Pisatt 1 hovde ~ 60 m. 0.h.
: 2808
i retuung
0]

« med helnmng =45
Borhuilets lengde 58.75 m

Barer meter Bergart Kierne- Skifrighet Bergare

mangel preve

ST IS MAn N G

See appendix
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DIAMANTBORING Tuftehavna 1982.
Kjerneobservasjoner.

Borhull nr. _ TH=6
Koordinator: Y 50999 141.495
Plsatt i hoyde v 60

« i rewing 280%

« med helning —70 2
Borhullets lengde 111.50 m

Baret meter Bergart Kjerne- Skifrighet Bergart

mangel prove

See appendix

1ol - 974, 75 030, A 4, H, O
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DIAMANTBORING Tuftehavna

Kjerneobservasjoner.

19 82.

Borhull nr. .. - nl Profil S
41.57
Koordinator : Y 50963 X 141.575
Plsatt i heyde ~ 71 m.
— 100°
© 1 oretnung &
« med helning 45
Borhullets lengde B5.50 m
Boret meter Bergare Kijerne- Skifrighet Bergart
mangel prove
0- 4,05 |Overburden
4.85 |Sevite, @rusty impure, well fol. at 4.60 60°
6.50 jRauh. I, with patches of BT+AP-rock.
Massive between 5.60-5,95
7.00 |Sevite, rusty, rel. pure {(rauh., I
with much calcite).
7.40 |Rauh. I,
7.65 |Rauh. I, rich with calcite.
7.85 [Sevite, impure and AP-rich.
8.10 |Rauh. I, Lower contact 50°
10.45 |Sevite,  impure.
10.83 [Rauh. I.
12.35 |Sevite, with MT+BT phenocryst.
14.95 |Spvite, rauhaugized, strongly brec.
Dark grey, patchy, well fol.
Rusty between 12.85-13.85 =
fol. at 13.90 35
15.65 |Sevite, MT-rich, massive, coarse/med.gr.
MT => 1 - 5 cm.
15.90 |Spvite, MT-rich, phenocryst. 1-10 mm. o
+ / - AP and BT. Fol. at 15.70 a0
20.95 |Sevite, impure, w/ grey silicates occational
MT - phenocryst. Weak fol. Coarse to med.gr.
1 - 5 cm thick MT + AP - BT rock dikes at
16.70, 16.95, 17.05, 17.20 and 19.40.
Pure sgvite-dikes (?) at 16.02-16.07
16.62-16.70
16.80-16.93
17.10-17.16 &
Fol. at 17.50 80
Py-vein, 2 mm thick at 18.20. 10°
21.80 {Spvite, veins with cal. rich rauh. veins.
27.50 |Sevite, med.gr. with BT-phenocryst. 2 mm.
Well fol. at 24.15-24.75 5
24,20 85o
. 24,860 55
1 06H0-9-74. FS 0030, A 4. 11.C.



Atk 2 Bh. nr.  TH-7 Profil__ >
Boret meter Bergart Kjerne- Skifrighet Bergart
mangel prove
Pure segvite at 24.,75-24.95 >
Well fol, at o 27.32-27,50, 27.90 600
Rauh. vein at 27.40 0

31.70 { Spvite, <coarse gr. with fine grained cross-
cutting gneissic grey sovite.

Increasing amount of BT-phenocryst. < 15 mml
Fol. at 29.40.

32.05 | Sevite, fine gr. impure grey and AP-rich.

32.17 | BT + AP-rock, coarse gr.

32.45 | Spvite, fine gr. grey, gneissiec. i
Fol. at 32.u40. 75

34.90 | BT + AP-rock, very coarse to coarse, o
partly fol. at 34.50 50

35.00 | Spvite, BT + AP-rich

43.15 | Sevite, coarse gr., patchy AP-decreasing
BT-phenocryst variable.

Blue am, wvariable. .

Oce. weak fol. at 39.50 60o
40.60 85o
41.80 4o

43.80 | Spvite, coarse, pure w/sharp contacts.

48.10 | Spvite, coarse and impure with veinlike
bodies of MT + AP-vein BT-silicate rocks. &
Locally gneissic fol. at 46.20 80
Rauh. I at 46,90-47,00

48.80 | Spvite, coarse gr. impure w/blue am.

49,10 | Rauhaugite, Calc.-rich fine gr. grey with
AP-vein (Sgv. or Rauh.?)

49.60 | Sevite, impure with blue am,

50.15{ Mt + BT + Py-conecentration, coarsegr.

50.25| Rauhaugite I, fine grained with grey AP.

50.80| Spvite, impure med. gr.

S54.45| Rauhaugite, fine grained, grey with AP. o
Fol. AP-dikes at 52.30 and generally 5
sub-parallel at 53.15-54.45
Patches of spvite.

56.00| Sevite, patchy and silicate rich and
massive. Coarse gr., MT-grey silicate-AP
(access.)

56.05%) Sevite, Impure, med.grained with
BT-phenocryst 1-3 mm.

Gneissic appearance at 56.40-56.55. =
Fol. at. 57.50 40

59.85{ "Silicate-sgvite", w/grey silicate MT-agg.

(< 3 cm) anh, euh. BT (< 1 em)-miner PY or PO. ’
AP-vein at 57.30 15O

58.15 450
Rauh.-vein II 58.40-58.55 18

1000-9-74. F5 003t A 4. H. C




Atk 3

Bh. nr. TH-7 . . Profil 3. .

Boret meter

Bergart

Kjerne-
mangel

Skifrighet

Bergart
prave

60.00

68,50

70.95

71.85

73.55

74.u45

76.65

76.70

77.60

77.85

80.00

85.50

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

"Silicate sgvite", massive, coarse andpatchy,
20 % blue, green sil. am.
15 % MT, very coarse agg. or

occationally euh. phenocryst.

5 % BT- phenocryst. euh/subh.
Well fol. gneissic transection
at 60.U5

64,05-64,30 w/strong PY-min,

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

Sgvites, variable types, generally coarse to
med., gr. AP-rich.

BT + MT -content ~ 10 %. either as fine/med.
grained anh. grains, or very coarse euh.
phenocryst,

Weakly foliated at 69.30

MT + AP-rock, massive
No BT

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

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

Sgvite, AP + MT w/minor BT.
Weakly for., at 74,90

Numerous rusty dolo,stringers.

Core less

Sgvite, AP + MT as above.
Extremely rusty. 1-3 mm euh. MT-cryst.

Sgvite, rel. pure and massive w/euh.

MT-phenocryst,

Sgvite, impure, rusty and foliated.

Significant dolo. stringers < 5 mm thick fol,
< 1 cm euh. MT-phenocryst.
The sevite less thoroughly weathered.

79,.65-79.95 pure sgvite, strongly weathered.

Sgvite, BT-rich, impure

Great core loss.
40 cm. recovered,

27/
SH Jrs:

1000-9-74. FS0031. A 4. H. C.
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Tufteh 82
DIAMANTBORING gy 19
Kjerneobservasjoner.
Borhull nr. B ,”{"8 Prafil 3
Koordinator: Y 30.962 e 141.575
Plsate 1 hoyde ~l m.
B
« 0 oreunng 100
o
«  med helning -68
Borhullets lengde 132.00 m
Boret meter Bergart Kjcrne- Skifrighet Bergart
mangel prove
0- 1.60 |Overburden
2.05 |Core loss. Rusty rel. pure sgvite,
3.60 |BT-sevite. BT - 5-10 %. White rel. homogenous
BT- PH- agg. 1-3 cm. P —
Chlorite filled joints at 2.50 40 -60
3.20 10°
4,15 |Do. heavily weathered and rusty. =
Rusty joints 3.75-4.10 0
4.80 |Interlayered sgvite and rauh. veins, all rusty
Rauh. veins 4,15-4.18 35°
4.25-4.35 80°
%.75 50°
5.85 |Rusty se¢vite w/ gneissic appearance. é
Fol. at 5.70. 85
7.00 |Brecciated sevite. Interstitial rauh. in
subordinate amounts.
7.90 |Do. but rauh. dikes at ~ 30 % of total in
irregular patches and along joints.
Fol. in sevite at 7.50 65:
Joint at 7.60 35
The rauh. clearly cuts the fol. in seovite.
9,20 [Impure sovite w/ irreg. stringers and patches
of mafic concentrations.
Rauh. vein at  9.10 60°
9.55 |Do. but mafics min. make up » 25 % incl.
PY + UT + BT.
10.05 |Sevite w/ irreg. patches rich in MT + PY.
12.45 |Weakly fol. sevite w/ 5-10 % M.
Fol. at 10.60 75°
Rauh. vein .15 30°
12.65 |Massive rauh. dikes interlayered w/ gneissic
fine grained sevite. PY-rich (5 - 10 %)
Fol. at 12.55 u5°
12.8% |Gneissic sevite as above.
18.00 |Impure sevite, massive to well foliated
medium to coarse grained.
1w 074, S 003 A 8 1. (



Ark 2 Bh. nr. TH-8 Profil
Boret meter Bergart Kierne- | qpifrigher | Dergant
mangel prove
Rusty weathered 13.40-13.70 o
BT + AP -stringers 13.85-14.05 20O
Rauh. vein 1 cm 14,33 500
AP -rich gneiss 15.20-15.22 25
BT+AP+MT enriched sovite 15.22-15.80
BT+AP -enrich/BT+AP -rock 16.00-16.30
Numerous mm-thick rauh.
veinets at 15.80-16.00
16.50 o
Fol. in sevite at 17.50 50
20.20 Do. Med. to fine grained.
Well foliated, locally PY -enriched
at 19.90-20.00 "
Fol. at 18.70 50
Cross cutting sevite dikes 1 and 3 em thick
at 20.05
and 20,12
20,40 Rauh. dike small fraction of sevite.
20.90 | Well foliated, gneissic impure sevite.
Fol. at 20.85 502
Joint at 20.90 35
22,70 | Med. grained impure sevite. Weakly fol.
Rauh, dike 2 cm at 21.50 25°
Deeply weather and rusty
at 22.30-22.70
24.20 | Coarse grained BT-sgvite.
BT + PH cryst. <1 em, PY + AP enriched
locally at 23.75 &
Fol. at 23,20 60
24.55 | Massive fine grained banded white and grey
(AP ?) sgvite 8
Banding / feliatien at 24.30 25
25.10 | Coarse grained BT -s¢vite as above.
25.60 | Mostly fine grained banded sevite as above,
interlayered w/ coarse BT -sevite. o
Fol. at 25,50 35
(This fol. seems to be secondary in rel.
to a compositicnal banding).
26.65 | Coarse BT -sovite.
27.00 Massive BT + AP -sevite.
27.90 Very ccarse, 5 em, relict patches of
(BT) + AP -rock w/ interstitial sovite, o
Fol. at 27.20, 900
cut by gneissic sevite-veins at, 5
or ravh. (II ?).
35.55 Coarse BT -sgvite, amounts of BT + PH -cryst,
highly wvariable
0 - 15 % per 10 cm core.
Occational c¢m -sized euh. MT -cryst.
Large num. of rauh. veinlets “
especially at 31.00-31.50 107-50°
33.50-33.85 109-90°
BT+AP -enriched sovite at 33.40-33.50

1000-9-74. FS$ 0031, A 4. H. C.



Arck 3

Bh. nr.  Bi-8 Profil. °

Boret meter Bergart Kierne- Skifrighet Bergart
mangel prove
35.90 | MT -sevite. Starting in a coarse grained
skeletal texture gradually turning to banded
fine grained plastically deformed (?) texture.
Fol. varies from 90  to < 10 along
lower contact.
40.65 | Impure sgvite, generally well foliated pure o
sgvite dikes at 37.25-37.30 850
38.70-38.85 900
and between 39.60-39.80 45
The latter is seperated in several zones
by mafic layers of MT + tremolite (?)
+ AP (?) -rock. The tremolite appears as
radial aggr. S mm, o
BT + AP -rock at 39.27-39.32 600
cutting fol. in adjacent sevite 45
Paches containing blue amph. agg. locally
at 40.35 o
Fol. spvite at 40.60 300
41.90 L7
42,85 MT, grey silicate sevite ¢yt by rauh. veinlets.
44.00 | Impure massive sevite w/ 5 - 10 % M.
4, 40 Veins of rauh. and veinlets intercalated with
sgvite.
51.75 | Impure sevite.
Rauh. at 4u,60-44,70 &
48.95-49.05 500
Fol. at 47,45 350
50.35 4o
52.85 | Massive BT+AP -rock of grain size varying
from fine to very coarse calcite bearing. 5
Upper contact 50
53.10 Impure foliated sgvite.
53.85 Fine grained BT + AP -rock.
61.10 | Impure foliated sevite w/ patches and stringer#
of BT + AP -rock up te 5 cm,
wide at: 55.00-55.50 A
55.95-56.35 with 50
at lower contact (sub) parallel
in sevite 57.90-58.00
58.45 2
Fel. at 59.40 30
Rauh. and dol. vein at 61.10
63.10 | Alternate pure white sevite and dark grey
impure sevite, AP -rich. o
Fal. in mafic patches 62.35 55
64.05 | Dark grey well foliated impure sevite w/ some
pure sevite bands.
Fol. at 63,20
68.85 | Rel. pure sgvite w/ dark grey patches and 50°

numerous rauh., Il veins crisscrossing
especially at 65.30-65.80,
also cut by mm. thick bracciating chlorite

veins,

1000 -9-74. FS 0031 A 4 LG




TH-
Ark 4 Bh. nr. i Protil
Boret meter Bergart Kjerne- Skifrighet Bergare
mangel prove
Fol. at  65.30 532
Rauh. w/ AP -vein at 67.60 50
Dark grey impure sgvite at 67.65-67.75
69.95 |Same but pink. o
{Rauh., II 69.90-69.70 20
74.15 |Med. grained MT —-s¢vite well foliated
M > 20 Z.
Pure sgvite at 70.45-48.00 40°
Thin rauh. at 70.70 + AP
71.40 20°
71.60 + AP 80°
72,55 + AP -vein
73.70
Fol. at  71.25 75°
75.85 |BT -s¢vite (BT < 5 %) massive without distinet
foliation. BT as < 3 mm phenocryst.
Rauh. II at 75.15
78.60 |S¢vite as above w/minor irreg. patches /
stringers of AP -rich.
Minor BT in both rock types.
AP -vein at 78.55 90°
Weak fol. in sevite at 78.20 75°
83.65 |Same, but AP -rocks are major constituents
(~ 40 Z). Coarse grained. Occasional
MT -phenocryst.
Fol. 80.25 50°
85.25 lImpure s¢vite fine to medium grained
MI -rich => grain size 1-2 mm.
Weak fol. at  83.75 80°
90.10 {Rel. pure s¢vite, weakly foliated
|w/ oeccational BT and MT -phenocryst. o
Rauh. I -dike, 3 cm at 88.60 370
Mm -thick rauh. II veins at 88.70 25
90.20 |Pure sgvite dike 45°
91.25 [Well foliated silicate rich sgvite.
MT -phenocryst 2 7% i 1-3 mm o
| Fol. at  90.40 60°
90. 30 65
|
96.20 |Impure med./fine grained s¢vite,
No distinet fol.
96.45 |Rauh. I dike tangential e.a.
102.25 |Impure s¢vite distinct fol.
Med. grained.
1 cm  rauh, I -dike at  96.80 60°
cutting rauvh, II veilns 152
|AP -veinlet at 97.50 75
|Fol. at  98.50 257
AP -dike at 99.50-99.70 150
99.75 cutting (?) 20
Rauh. II at right angle 5
AP -dike 5 cm at 100.05 20
AP -dike 1 cm at 100.95 25°
|
500 - 1172 +S 0031 A4




TH~8
Ark Bh. nr. Profil
Boret meter Bergart KTecmes Skilrighet Bergart
mangel prove
103.45 Coarse gr. silicate MT -s¢vite, blue amph.,
Anh. MT. GCrain size 3-15 mm.
104.55 Impure s¢vite,
104.75 Pure s¢vite
107.65 Impure s¢vite, coarse / med.gr., partly
blue amph. -bearing.
MT -usually occur at anh. skeletal aggr.
< 3 cm, last 5 cm of section shows enriched
euh, MT -cryst. 5-15 mm. &
3 mm thick AP-vein at 107.50 40
107.75 |5 cm pure med. gr. s¢vite
107.90 Impure coarse s¢vite as above, dominantly o
cut by composite dol. + AP -dike. 25
108.00 Pure s¢vite
108.15 Impure coarse s¢vite as abave
108.30 |Composite dol./ AP -dike w/ rounded
fragments of re¢dbergite (?) related to
damtjernite phase of intrusion
{accord. to S.P.0.)
123.70 | Impure coarse grained sgvite.
AP - MT {(euh.) enrichment at 108.80-109.05
AP - enriched, BT bearing at 109.95-110.40 s
Gnelssic development at 110.60-110.70 70
110.95-111.00
Pure med. gr. s¢vite at 111.40-111.55
112.25-112.60
AP -enrichment at 113.30-113.90
Pure med. gr. se¢vite 113.90-114.00
MT + AP + BT -enrichment at 114.00-114.35
MT -euh. 1-5 mm, BT subh. < 3 mm.
Pure s¢vite 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
125.40 Med.gr. impure BT, grey-blue amph. s¢vite.
AP -veinlet at 123.80 20°
26.40 Coarse gr. rel. pure s¢vite w/blue amph. <1 cm} 3
Gneissic at 126.00, fol. 75
127.00 Da, but higher fractions of dark mineral.
127.30 | As from 125.40-126.40
128.90 | As from 126.40-127.00
with max. M at 127.00-127.20 .
Fol. gneissic rock at 128.60 60
130.07 | Alternating pure s¢vite and very coarse
blue amph.- and AP -bearing s¢vite.
131.15 | Fine / med. gr. fol. impure s¢vite-
Euh. MT-cryst. and PYCHL - emp.
Fol. at 130.85 550
SO0 - 01 72+ SO0 A4




TH-8
Ark . b - Bh. nr, Profil
Boret meter Bergart Kjerae- Skifrighet Bergare
mangel prove
131.30 Gneissie AP- and dol. rich s¢vite (?) or
rauh (?)
132.00 |Fol. impure s¢vite as above, but lightly o

variable fol. Fol, at 131.40 40

Stop at 132.00.

2Y
500 - 117215 001 M .{/J?j




DIAMANTBORING Tuftehavna

Kjerneobservasjoner.

19 az

Borhull nr. “{_\j Profil 4
Koordinator: Y 50357 X 141.65
as Tl
Plsatt 1 hoyde m,
. . 80&
« i rewming
45
« med helnng
Borhullets lengde 85.30 m
Baret meter Bergart Kjertie- Skifrighet Bergart
manget prove
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DIAMANTBORING TUFTEHAVNA - FEN 19 82,
Kjerneobservasjoner. H. Qale.
Borhull nr. “___TH- 10 Profil 4
Koordinator : Y 20956 X 141.615
Plsate i hoyde 0.5 m.0.h.
o go#
L] 1 rc:mng
-708
¢« med helning 7
Borhullets lengde 122.00 m
Borer meter Bergare Kierne- Skifrighet Bergar
mangel prove
0 - 2.50 | Overburden
Redbergite, red to grey, fine to med.gr.
w/relict unaltered sovite blocks <10 cm.
No appearent foli.
5.65 |Med.gr. bi.- s@vite cut at ag®
by rauhaugite II - veinlets
5.70 | AP-rich rauhaugite II - dike.
6.50 | Rel. pure sgvite crossed by rauhaugite-veinlets 90°
9.75 | Patchy med.grained bi-sagvite.
Numerous mm-thick veinlets of chl/ap/dol (?)
Mostly sub parallel +to foliation.
10.80 | Coarse gr. impure massive, blue amphibole
bearing sevite, rel. rich in AP at 10.50.
14.95 [ Coarse gr./alternating med.gr. bi-sevite and
coarser almost (?) pegmatitic pure sovite
veinlets (1-2 em). Variable AP-content,
although never exeptional.
12.05-12.45 med.gr. pure sovite
14,15-14.40 oxidizing alteration
.. o
along joints. 40
29.95 | Massive impure sevite w/blue amf., skeletal
bi + MT with occational euh. MT-clusters.
Med. to coarse gr. redbergitition at
o
16.10-16.30 4o
17.40-17.80 35°
along joints.

TOMlE- 974, FSOOML A 4, 11.¢




Ark - Bh. ar. TH-10 Profil
Boret meter Bergart Kiern- Skifrighet Bergart
mangel prove
AP- vein at 18.40 559
AP + DOL-vein at 22.70-22.75 30°
AP - enrichment at 23.35-23.65
AP - enrichment at 24.35-24 .60
Cneigsification / well foliated
locally with AP and PY-pich at 25,05-25.75
Foliated at 25.30 70°
33.50 | Same, but coarse /very coarse and
dominated by blue amp. Other majer
phases anh. bi, anh.skeletal or
enh. MT,
Well fol./gneissic 32.10-32.25 70°
34.00 | Same, but low in blue amp. and
euh. HT.
34,95 | As from 29,95-33.50
37.05 | Rauhaugite (?) I  at 36.70-36.80
Med./coarse grained grey/green
skeletal MT.
Rauhaugite II at 37.50 (5 cm). 10°
44.70 | Med./coarse grained massive sgvite,
impure w/grey/green silicates,
AP + /- bi + /- MT (both the latters
mostly as reliect skeletal
in alteration 42.00-42.50
with rel. pure sovite.
45.15 | Impure well foliated sevite. This
section shows zoning around pure
sgvite 44, 90-u4 .98
and increasing mag. to both sides.
Foliation at 44.90.
5}
47.20 | Coarse impure, mostly blue amphibole 80
hearing massiv sevite.
Extrusive zoned, ph, blue amph.
Ravhaupgite II (1 cm) at lower
contact.
1000-9-71, FR M3 A 1 H €



Ark 3

Bh. nr.  TH-10 Profil M

Boret meter

Bergart

Kjerne-
mangel

Skifrighet

Bergart
prove

47.50

48.00

50.05

50.50

51.50

53.63

53.75

60.00

51.20

62.10

62.95

BY.95

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

Some but high in mag. 2= u0 %,

dominated by MT + BT. Minor blue amph.

Coarse - very coarse grained blue amph. + MT +
BT + AP and impure sgvite.

MT enhed. < 2 cm.

Blue amph. anh. <& 2 cm,

HMassive blue amph. + ¥T + BT + AP rock alt.

no/pure sgvite from 49,50-49,85.

Med. grained BT + MT sgvite
M = 50-10 %.

Massive coarse blue amph. + MT + BT -rock.
Ho feliation.

Blue amph. content and grain size decreases.

Chlorite filled joint at 51.10

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

sgvite,
Foliated rauhaug II.

Massive or weakly fol. impure coarse sgvite
deminated by blue amph. + MT and BT.

Foliated at 54,40,

MT + blue amph. segr. 55.55-55,85

Impure grey/green amph. (?) + BT + AP -sgvite.
Massive but cut by numercus veinlets

(rauh. IT ?) at 60.60.

Alternating pure sgvite and clusters of
AP + MT -grey silicates + BT.
Cut by rauh. II (1 cm) 61.50°

ravh. II (3 cm) 61.80°

Rel. pure sgvite with relict skeletal BT, to
some extent elongated at 52.85 m,

Coarse grained rauh. II (1/2 cm)

parall. at ca. 62.40-62.85 m.

Well foliated impure sgvite. As above, but

with additional fine/med. gr. MT,

1000-9-74. FS 0031, A 4. H.CL
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Ark 4 Bh. nr. TH-10 Profil M
Boret meter Bergart ii:;ggl- Skifrighet lm';
(M 20 % in plain sgvite) but cut by MT +
silicate segr. at 63.30 (4 cm thick) 25°
(IT foliation).
Rauh. II vein (2 cm) at 64.60 15°
Foliation at 64,95 55°
66.55 |Weakly foliated fine- med. grained MT + BT
-sevite.
Foliation 65.75 70°
Veinlets (Rauh. II ?)  85.15 20°
and at 65.70-66.00 10°
Rusty weathered rauh. II at 66.55 parall.
foliation. 450°
69.00 Coarse bl e amph. + MT + BT + AP -sgvite.
Between 68.40-68.85 CC < 20 %.
Weakly fol. at 68.50 40°
71.65 |[Coarse sevite, ¥ ~~ 5 % exept 69.95-70.35
where M ~ 10-15 %.
Weakly fol. at 69.70 y5°
Rauh. II (L cm+ 2 x 1 mm) 69.50 85°
Rauh. I 70.15 25°
cut by rauh. II-veinlets. 15°
77.15 |Coarse massive blue amph. + BT + MT + AP -sgvite.
M~ 50 %. OCneissic rauh. I 72.18-72.32 35°
with desiminated columbite 30°
AP-enrichment, gneissic 73.45-73.55
Rauh. II wveinlets at 76.85 10°
Fol. at 74,75 35°
78.80 [Same, well foliated fine- med. grained, fol.
77.80 70°
78.55 40°
Dol. dom. at 78.55-78.70

T O00-9-74. IS 0031,

Rauh. I - gneiss.

A HL G




Ark 5 Bh. nr.

BH-10 Profil %
Boret meter Bergart iﬁ;ﬁ[ Skifrighet I;:f‘:‘
81.95 |Coarse grained as to 77.15
but M -u 10 %, and concent. in
bands/patches, and cut by several
irregular dikes at rauh. I at 80.15-80.45
80.60-80.80
80.95-81.10
81.50-81.80
91.90 [Same, but higher M : 10-75 %
mostly dom. by blue amph.
agg. rv 1-5 em.
Evh. MT is com. At 81.95 BT + Sample
AP -rock  (82.05-82.13) is cut 25°
by ravh. I. Rauh. IT at 84.20 30°
89.10 10°
88.45 50°
Fol. 86.85 70°
88. 80 80°
Gneissified at 91.80-91.90
Corona text. around blu amph. at 91,80 Sample
96.55 |[Med.grained, blue (/green)
amph. still present, but only as
single grain or smallerp agg. without
prefered orientation.
29.15 | Alternating rock as above, but with
well developed foliatien and banded
fine grained BT-sovite.
Foliation 96.35 65°
97.70 0°
98.80 20°
99.30 [ Pure sgvite.
111.25 |Med./ fine grained impure sovite
with occational zones of pure
sevite mostly at 100.10 90°
100.50
101.10
103.05
104,85

L0 -9.74, FR D3, A 4, 14,




Atk © Bh. nr. BH-10 Profil %
Boret meter Bergart Kierne- | ifrighet Besgart
mangel prove
AP. zones at 102.15 80°
AP + BT segregation alang pure
spvite at 103.05
AP-enrichment at 104.80 55°
Rauh. I (3 cm) enclosed in gneissic
fine grained sevite (impure) rich
in py.
Foliated at 105.25-105.50 20°
Pure sevite at 106.25, 50°
fcliated.
Spenifex looking texture at 108.10-109.65
110.50-110.80
Irregular foliation pattern
generally 900
118.05 | Real pure sgvite weakly foliated.
BT+AP+MT-segregation in
coarse sgvite 113.15-113.40
Minute BT + AP -segr. at 115.30
117.05
Pure sevite at 116.20~116.35
Foliated at 118.05 80°
118.50 | Pure spvite
119.00 | Very coarse AP + blue amph. +
BT segregation in pure sgvite.
Inhomogeneous AP-rich impure ssvite
patches of grey-green silicates,
AP; Dbrecciated segregation of
these and pure sovite
Rauh. II (1 em) 119.50 5
120.25 45°
2%
W o b2

T0063-9-74. VS 0031, A 4. HL G




DIAMANTBORING Tuftehavna 1982
Kjerneobservasjoner.
Borhuil nr. TH_H : Profil >
Koordinator: Y 50,989 X 141.456
Pisatt i heyde 61 nt.
& i retning 793
o
« med helning —45
Borhullets lengde 39.50 y»
Boret meter Bergart Kjerne- Skifrighet Bergart
mangel prove
0- 3.15 Overburden
7.20 | Coarse impure sgvite
Massive partly skeletal.
No distinct fol. BT + MT + green amph.
M < 25 7%
10.05 | Rauhaugite, fine grained
M 10 Z, gneissic, locally well foliated 50-70°
M < 50 - 70 Z.
17.00 | Coarse /med. gr. impure s¢vite as 3,15-7.20
Foliated.
Rauh. I  at 10.95-11.00
18.95 | Med. gr. pure s¢vite.
21.60 Intercalated foliated pure s¢vite, impure
med. gr. s¢vite and mafic bodies of hollaite ?
29.50 | Oxydized - rusty carbonatite
39.40 | Oxydized synitic rock (MT + ESP)

and hollaite.

Tk -9-74, FS 003 A4 HL O




DIAMANTBORING Tuftehavna 19 2.
Kjerneobservasjoner.
Borhull nr. TH_}‘E Profil 3
Keoordinator - Y 30942 X 141.569
72
Plsatt i hoyde mo.h.
£
1 renung 80
o
« med helning 72
Borhullets lengde 201.35 m
Boret meter Bergart Kjerne- Skifrighet Dergart
mangel prave
0 - 2.30 [Overburden
2.95 [Med. -coarse grained pure Sevite. -patches
of BT and radial amph. aggregates
(blue-green amph.).
3.05 |Gneissified rusty sovite as above. Foliated 559
4.75 |Impure med. gr. sgvite. Massive homog. subhedr
BT + AP -bearing 1 20 %.
7.50 (Sevite, do. but ¥ S0 %.
MT-bearing, often euhedral.
12.30  Med/fine - gr. greenish grey impure spvite sample
M 50 %. Homog. massive.
14,55 |Coarse blue amph./BT/ +/- MT +/- AP impure
sovite. "
Gneissic zones 13,95-14.05 65O
Rauhaug. I gneissic 13.30 20(
14.15-14,.25 b3
15.85 [Med./fine gr. impure grey green sgvite.
"o apparent. blue amph.
16.15 [Gneissic rauhaugite I. Foliated at 15.95 63°
24.25 (Coarse massive patchy impure sevite w/BT +
green min. (amph ?) and AP.
Chlorite bearing streaks at 19.00-19.20
and 23.50.
27.00 |Fine gr. often well foliated impure.
M ~ 30 % - BT - dominating.
Fel. (= contact to former rock type) .
at 24.30 25
25,30 65
32.30 |Rel. pure patchy sevite coarse/med. .
inereasing M =5 - 50 %. Usually week or &
no foliation. Creissic at 29.40 80
32.20 00
Cutting band at 15~
32.45 |BT + AP + MT + PY -rock cutting (?) sevite
coarse grained. Fuh. MT.
37.65 |Homogzenous BT + PY +/- ¥T sevite.
CE S T B S TR TS Y S I



Ark : Bh. nr. T Profil
Boret meter Bergart Kjerne- Skifrighet Bergare
mangel preve
Rel. pure M- 5 - 15 %. No foliation.
Gneissic AP-rich at 33.60-33.65 90°
PO + MT at 33.90
Weakly foliated at 36.60 usz
37.35 48
MT + AP -rock 35.60-35.85
Ly, 80 Patchy inhomog. impure coarse gr. sovite,
rich in PO and +/- BT + blue amph. M5-50 %.
Brecciated near upper MT + AP -rock at
41.80-42.00
BT + AP - MT -rock transfering to very fine
grained massive dark grey/black rock.
(similar to hollaite ?) and to MT + AP -rock
42.70-43.10
46.30 MT-rock. Dominantly massive coarse to very
fine grained locally enriched in AP + PY + BT
and with enclosed sgvite "blocks" npear
lower end.
Contact sample at upper end. Foliation in o
sevite at 44,80 70
49,00 Fine grained weakly fol. and banded impure
AP + BT -sgvite. at u46.60
banding with, 202
is cut by fol. 50
M 5 - 25 &.
Sevite pegmatite at 48,70
along with gneissification and numerous rauh.
IT veins < 5 em wide to 48.90.
51.60 Coarse gr. blue amph. bearing impure sevite.
Rauh. II wvein 0.5 cm thick at 49.90
reacts on HCl.
Weakly foliated, contains blue amph. + BT +
MT + AP, M= 5->50 %,
52.20 As 51.60, but blue amph. out and MT in as
EEEEEEHE‘phase.
55.90 Finegrained impure savite w/ ¥ -. 50 %, green
amph. + BT +/- AP +/- MT. o
1 em thick sevite pegmatite at 53.60 35
102.95 As 51.60, coarse grained cutting (?) pure
sgvite at 55.90-56.30. Irrepular
gneissification common between
57.40 and 57.80. MT -dominant
M - phase from 55.90-58.,00
58.45-5¢ .10
Thereafter mostly skeletal.
Blue amph. generally apparent or deominant,
the latter continously from
65.80-73.20
and  74.40-79,00
Gneissic fol. at 58,40 g80°
Rauh. II (?) at  B4.08-64.15 900
64, 33=-6u4, 34 20
Humerous CHL and -or PY-veinlets episs-
crossing from 62.00-65.60
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TH-12

Ark Bh. nr. Profi|
Boret merter Bergare Kjerne- Skifnighet Bergant
mangel prove
Patches and veinlets of
BT + AP -rock at 63.15
( 2 - 3 em 70°
and BT + AP + MT -rock at 73.55-73.80
Pure sevite 73.20-73.55
coarse gr.
1 em. veinlet BT + AP at 75.30 a
Weak fol. at 76.15 30
Gneissic fol. at 79.20 y5°
Very inhomogenous between 79.15-81.60.
BT + AP -rock stringers
and patches 79.75-79.50
and 80.05-80.15
Dark grey fine grained/very fine grained rock
(BT + AP ?) at 80.13-80.75
and ravh. II (?) vein at 81.55-81.58 15°
Weak fol. at  83.60 70°
88.95 65°
89.35 5°
Rauh. II (7?) at 91.55-91.60
Fol. at 90.95 90°
Rauh. II (7?) at 92.10-92.15
Rauh. I at 93.25-93.35, fol. 459
Blue amph. dominanting 92,40-94.80
Rauh. II (?) at 96.55 15°
Fol. at  98.95 30°
100. 40 40°
105.40 Impure foliated sgvite, fine grained and
mostly gneissic, intercalated with other
rock types.
Rauh. 1 at 103.02-103.40
BT + AP -rock at 103.60-104,20
with Rauh. I.
Cut by unfoliated sovite 104.20-104,70
w/ BT + AP -rock at 104.60 (3 cm)
Rauh. I at 104.70-104.9%
BT + AP -rock at 104.95-105.30
Foliated at 103.25 20°
107.20 Foliated BT + AP -rock
(AP - dominant) fol. at 105.50 30°
129.35 Rel. pure fine/med. grained sevite. Weak or
no fol., Grain size usually between
0.5 - 3.0 mm occasionally. -
Rauh. II veinlets at 107.u45 90
Chlorite at 107.20-108,40,
crissecrossing
BT + A+ -rock at 108.50-108.75
Patches of BT + AP at 111.80-111.95
at 112.85-112.90
BT+AP+MT -enrichment at 113.15-113.30
AP -enrichment at 113.50-113.70
AP -vein at 114%.20-114.25 502
114.30-114.33 thh
Rauh. II at 114.95 (1 em) 80°
AP -vein at 115.00-115.08

BT+AP+MT -enrichment at 115.20-115.35




Ark 4

Bh. nr. TH-12 Profil

Boret meter Bergart Kjerne- Skifrighet Bergare
mangel ; prove
Coarse grained. Euh. BT + MT.
BT+AP-patch 2x 1/2 em at  116.90
MT-enrichment 117.90 (1/2 cm)
BT + AP -rock 118.70-118.75
Feliation at 118.50 65°
Finegrained BT+AP -rock 120.98-121.45
interlayered with sevite. o
Fol. 121.10 60
Rauh. II at  121.70 (2 em) 70°
BT+AP-rock at 122,23-122.32
Spherical AP-sovite 122.55-123.15
cut by rauh. II at 122.70 (2 em) 90°
BT+AP -rock 123.12-123.40
Fol. at  123.50 20°
BT+AP -rock 123,75-123.482
Patches of BT+AP -rock 123.97-124.35
BT+MT+AP -rock in
patches / stringers at  127.40-217.70
Do. 127.90-127.95
Numergous rauh. II
and/or AP-veins 128.20-128.70
crisscrossing
BT+AP -rock/patch at 128.75 o
Foliated at 128.75 45
131.40 Hollaite or AP -rich rock.
Massive, no fel. Crisscrossed by chlorite
veins, or rauh. II. It shows veinlike
extensions down-wards cutting =
AP -rich sevite at g0
132.10 AP -rich segvite dominating. Massive or with
irregularity directed structural elements.
139.75 Med./ coarse grained sovite. ¥ = 5 - 20 %,
dominantly BT. Cut by numercus 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 sevite (7).
145,70 Coarse grained impure spvite dominated by
MT + BT and- or greenish amph.
Ocecational rauh. II -veinlets.
NHe distinet feliation.
lu8.10 Do, but PY -rich and w/ ¥ > 50 % => mafic rock.
157.80 Coarse grained impure sgvite w/ BT, MT and
blue amph. as dominanting phases.
AP -enrichment at 149.75-149.85
150.05-150.10
Gneissic and PY -enriched
at 150.90-151.10
Foliated at 150.90 80°

BT -porphyroblasts ?




Ark 3

Bh. nr. TH-12 Profil,

Boret meter

Bergart

Kjerne-
mangel

Skifrighet

Bergart
pl’ﬂVl:

158.70

177.50

178.90

184.90

151.20

198.35

Cneissic at 151.70-151.85 Fol.
AP - dike/vein 152.85-152.95
Two rauh. IT generations?

at 153.80-153.90
2-5 em MT and blue grey zoned rounded
silicate aggregates.

ine/med. gr. AP -rich sevite.
BT, green amph, MT.

Impure

Ma- 50

oe By

Cearse gr. impure sgvite. Near top dominant

by BT, MT and green amph. and variable

M=z 10 - 50 %.

From 162.00 to app. 170.00 increasing

calcite and blue amph. becoming the dominant

phase. Visible AP.

Rauh. TI veins with strongly altered contacts

parall. to subparall. 155.05-167.00

Feliation at 168.80

M>50 % at 171.10-171.40
172.20-172.45
174.25-175.15
175.25-175.60

Gneissic rauh. I 177.10-177.17

Foliation

Med. grained impure sevite
M BT + MT and rich in AP.
M 40 %. No dist. fol.

sl

Med. grained rel. purer sgvite (M =10-20 %)
with distinct feoliation developet locally
BT +/- green amph. +/- MT dominated,
often in skeletal texture.
Fol. at 179.70

182.05
Thin (< 1/2 ¢m) rauh. II, veinlets
sub. parall. at 181.70-183.00
Rauh. II 183.18-183.286
PY-veinlet - 2 mm thick 184.65
MT -(rusty rims) + AP
enrichment at 184.75-184.90

Impure med/coarse gr. sevite w/amph, in a
sphene tex/skeletal texture + euh. MT as
major M. Interrupted by zones of rel. pure
spvite as above.

Weakly feoliated.

The skeletal texture gradually dissappear, but
the rock retains its greyish tint caused by
the amph. and a substantial AQ -content.

AP + MT euh. 189.05-190.05

AP -veinlet (?) 180.05 (3 cm)

Heterogenous rel. pure med. grained sevite
with gneissic well fol. zoned M~ 10 %

BT -major phase. Local large MT, but MT
always present in small quantity.

Gneissic at 191.30-191.50
AP-veins w/ HT at 193.40-193.30
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Ark 6 Bh. nr. TH-12 Profil 3
Boret meter Bergart Kjerne- Skifrighet Bergart
mangel prove
Euh. coarse MT at 194.20-194.60
Rauh, II veinlets
( 1/2 em) at 195.10
195.30-1985.,50
196.10
196.20-196. 35
197.65
PY + MT + AP euh. 197.35-197.50
198.80 As above, but AP -rich
201.35 | Coarse / very coarse impure sgvite
w/ blue amph., euh. MT and BT,
and AP.
Blue amph. aggreg. are often zoned and
rounded.
J 2y
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