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Sammendrag / innholdsfortegnelse
? Oversikt over geologien i Holla-området og Melteig-området.

1Holla ble boret et huu i 1981 med meget god og high grade mineralisering av niob (2-4 % er indikert), samt påvisning av
tantal og fosfor. Funnet er knyttet til en magnetisk-geokjemisk anomali.
Melteig er av interesse for apatitt,nefelin og niob, men har lavere prioritet.

? Det foresås mer boring og utvikling av geologisk info i Holla for leting etter tilsvarende forekomster i Fen
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INTRODUCTION

This progress report provides a partial review of the present
state of geologic knowledge of two important areas within the
Fen carbonatite complex. The Holla area was drilled in the
fall of 1981 and some extraordinarily high-grade niobium
mineralization was discovered which makes the Holla area 1) a
high oriority exoloration target. The Melteig area is an
important portion of the complex, because an understanding of
it is critical to understanding the geology at Fen. Some
previous reports of niobium mineralization in the Melteig area
also required a further looking into, thus justifying the
detailed investigation presented here.

A better understanding of the two above areas brings us further
towards the qoal of an overall geologic understanding of the
complex. Our orincioal goal is to identify economic targets
and understand the controls on mineralization.

DETAILED GEOLOGY OF THE HOLLA ANOMALY AND VICINITY

General

In the autumn of 1981 a 385-meter hole at - 450 and bearing S
700W, was drilled in the Holla magnetic-geochemical anomalv
(See plate III for location). The drill proposal for that hole
(J. W. Reim, oral communication, Management committee Meeting,
Mav 6, 1981) (Mørk and Olmore July 17, 1981)(*2) was based
upon anomalous niobium and tantalum values obtained in the
vicinity of a 52,000 gamma magnetic anomalv (Carstens April 30,
1981). As it turned out, several zones of niobium and tantalum
mineralization were defined, one of oossible economic value.

What is oresented here is an uodated version of the geology and
econcmic ootential of the Holla area based upon detailed drill
hole logging, aeophvsical measurements, oetrography, and
chemical analyses and a reinterpretation of the geology of the
area (Plates III and IV). This information is a guide for
additional drilling.

Descriotion and Classification of Rock Units in Drill Hole No.
81-1.

Quartz-Aegirine Fenite

Quartz aegirine fenite is developed in medium-grained granitic
gneiss as the result of thermal and hydrothermal alteration. A
green alteration assemblage of chlorite, sphene and aegirine
typifies this facies in drill core. The gneiss has been
thoroughlv fractured (crackled and broken) allowing the
develooment of predominant aegirine to form veinlets and dikes.

The Holla area received its name from the nearby partly
restored 12th Centurv stone church.

The interested reader is referred to this report which
outlines some of the Fenco-Union Joint venture management
committee jecisions which helped formulate a decision to dr 11.
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A few non-fractured zones show weak foliation. Fenite is
dominant in the drill hole from about 331 meters to the end of
the hole at 385 meters (Figure 1).

Syenitic Fenite

Svenitic fenite (Bsy) a term used by Vartianien (1980) is
medium to coarse-grained and consists dominantly of K-feldspar,
albite, chlorite, aegirine and biotite. One variety is made up
of large, irreqular crvstals of pink, perthitic K-feldsoar
oartiv replaced bv albite. The coarse varietv orobably
correlates with the pulaskitic svenite of Sæther (1957, p.
24-25). Syenitic fenite occurs intermittently in the drill
hole from about 203 meters to about 334 meters, with the main
zone between 255 meters and 285 meters (Figure 1).

Hollaite

Hollaite (Ch) is a dark, basic silicate rock composed of
variable amounts of biotite, sphene, calcite, pyroxene,
chlorite, anatite, albite and riebekite. Mixed textures and
variable mineralogy tvpify the rock, a feature that was first
noted bv Brøgger (1921). Most commonly the rock is laced with
an irregular network of søvite veinlets give the unit a
somewhat hizarre, marbled texture. This rock unit is
correlative with carbonate-flooded fenite mapped in the
vicinity of the Hvdro Steinbrudd (01more, 1980, p.7), and basic
silicate rocks underground in the Tuftestollen (01more, 1981,
o.19).

Hollaite is a hybrid phase that is thought to have evolved
through metasomatic processes that developed at the interface
between søvite magma and syenitic fenite or quartz-aegirine
fenite wall rocks. Textural evidence in drill core suggests
that the hybrid formed from quartz aegirine fenite and syenitic
fenite through metasomatic alteration processes. Locally
hollaite is verv coarse grained, consisting dominantly of
hornblende and augite, and lacks the characteristic marbled
appearance. In these localities textural indications are that

metasomatic hollaite was perhans mobilized to a fluid state.
Hollaite occurs intermittentiv in the stretch of core between
114 meters and 330 meters.

Søvite

Søvite (Ds) is a white to light grav to pink
calcite-dominanted, foliated rock that varies in texture from
medium to coarse-grained. Principal minerals are biotite,
magnetite, aoatite, fibrous amphibole and pvrochlore. See also
Olmore, 1981.

Local enrichments of magnetite and fibrous amphibole make up as
much as 40% of the rock (Plate I) and are intergrown with
calcite indicating a orimary magmatic texture. On the average
søvite contains 1-6% magnetite and locally contains 20%
magnetite. Blue-green, fibrous amohibole is more restricted in
distibution and locallv constitutes as much as 40% of the
rock. Aoatite content varies from 1-5% of the rock; biotite is
coarse to fine-grained and varies from 1-10% of the rock.
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Fiyure 1. Diagram showing distribution of principal rock
units in drill hole no. 81-1. The indicated
relative ace of crystallization or consolidation
of each of the units is based upon cross-cutting
relationships. Note that this sequence of events
is also substantiated by detailed mapping of these
units in the Tuftesto1len and vicinity (01more,
1981).



Zoned .5-1mm ovrochlore/cnlumbite grains are locally common and
tend to increase in abundance in direct proportion to an
increase in the adundance of fibrous, blue-green amphibole.
Pyrochlore/columbite mineralization also tends to be locallized
near contacts with hollaite and later rauhaugite dikes (Plates

and TV).

The variahle texture and mineralogy of the unit may be re1ated
to primarv magmatic segronation and zoning during
crvstallization.

Sovite is the dominant rock unit from 11 to 184 meters and
occurs as dikes of variable width below 184 meters. Much
søvite also occurs in the ho1laite zones where it has pervaded
the rock in hairline veinlets and altered syenitic fenite.

Siiico-Søvite

Silico-søvite (Dsc) occurs as thin, dark, foliated,
silicate-rich søvite dikes that cut through quartz-aegirine
fenite and svenitic fenite. Similar dikes have been mapped in
roadcut along Ulefossveinn and occupy approximately the same
oosition with the main body of søvite as they do in drill hobe
81-1

Minerals present are a1bitn, hiotite, and calcite in roughly
equa1 pnrtions, alonq with apatite, opaques, and an
unidentified anisotropic high-index mineral. The dikes are few
in number and occur in the interval from 280-372 meters.

These dikes mav have heen formed by the injection of
silicate-contaminated søvite.

White Carbonatite Dikes

White carbonatite dikes (Gw), also of limited extent in the
drill hole, consist of white, fine-grained ankerite (?) alonq
with less than 1% of comhined pyrrhotite and pyrite. The dikes
are barren of silicates, yet they have well developed hollaite
margins. White dikes cut søvite as evidenced in outcrop alonq
Ulefossveien (01more, 1981, Figure 5).

The source of the dikes is dnknown, bdt they aopear to be of
rouahlv the same age as rauhaugite and thev mav represent
distal portions of such igneous masses.

Rauhaugite Dikes

Rauhaugite dikes are of two types in the drill hole. One
variety (Gt) is tvoical of dikes found in the Tuftestollen
(01more, 1981, o.36) and consists dominantiv of fine to
medium-grained gray ankerite, or do1omite, green apatite,
pyrite and ovrrhotite. The other varietv (Gyg) is tvpically
vellowish grav, medium-arained and aoatite-bearing and has not
benn identified as a separate unit previously. Both types are
thnught to be co-magmatic with søvite as indicated by a
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composite relationship as borders on søvite dikes. They also
occur without søvite as single, thin dikes, commonly on the
order of 2 to 25 cm wide. As observed in the Tuftestollen
(01more, 1981, Fig. 17) where the dikes cut søvite, patches of
pink alteration and albitization of primary texture and
structure are developed. The cumulative total thickness of
rauhaugite dikes in the drill hole does not exceed 20 meters,
but the fact that the dikes are spatially associated with
niobium mineralization gives them a much greater importance
than their volume would indicate. It is thought that these
dikes correlate with the rauhaugite type 1 of Sæther (1975).

Apatite-Mica Lamprophyre

Apatite-mica lamprophyre (Eam) 3) has never been previously
registered or recognized as a separate rock unit in the Fen
region, despite thorough geologic examination of the Fen
Complex by numerous geologists. It is thought to be the
youngest intrusive in the drill hole 81-1. It is of particular
nterest ecause of i s high niobium content. The unit is

known with certainty only to occur in the first ten meters of
the drill hole (Figure 2), but it may correlate with a few late
mineralized dikelets mapped down the hole between 223 and 225
meters (Plate I) and is here designated as yellowish-gray
rauhaugite (Gyg).

A descriptive log of the strongly mineralized core interval of

apatite-mica lamprophyre diagrammed in Figure 2 is as follows:

2.5-3m

Mica-apatite rock, 2-3 mm flakes of euhedral mica set in a
marbled apatite matrix. Salt and pepper specked texture.
Apparent banding at 100 to core axis. Local pods of
white to gray sugary apatite, marbled texture common.
Apparent lamprophyric texture (*3) in places.

3-4m

Søvite inclusion from 3.2-3-5m, locally pink søvite patches
mixed with gray, banded apatite rock. Dark mica rock has
marbled textures. Common earthy, brown patches with
niobium mineralization.

4-5m

Sharp contacts with søvite indicate that mica-apatite rock
is late, søvite patch is an inclusion.

3) Citations from Williams, Turner and Gilbert (1954, p. 84-85)
defining "The Lamprophyres" are appropriate: "All
(lamprophyres) carry euhedral mafic minerals, commonly of two
generations; many lack feldspar..."; "The magmas from which
most lamprophyres evolved were rich in carbon dioxide, sulphur,
phosphorous, and water vapor..."; All carry much iron, lime,
magnesia, and alkalies, and almost all are either basic or
ultrabasic".
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5-6m

Søvite inclusion 5-5.5m, 5.5-6m -- mica-anatite rock.
Flakes of euhedral mica to lcm, mixed with gray,
fine-grained apatite-rich zones.

6-7m

Best developed interval of mica-apatite rock. Flakes of
euhedral mica to lcm; mixed with graY, fine-grained
aoatite-rich zones.

7-8m

Coarse mica-anatite rock with segregations of earthv, fine,
columbite (?) grains, slightly resinous, alternating coarse
and fine bands.

9-10m

Coarse-grained for the first 20cm, then grades to a
finer-grained, gray-green rock. Patch of pink søvite at
the end. Mica-apatite dominant.

Dominantly pink søvite with gray-green anatite rock cutting
across in last 25cm.

11-12m

Greenish-gray apatite-rich rock, medium-grained, cuts
søvite at 300 to the core axis.

12-13m

Medium-grained grayish-white søvite.

The relative pronortions of apatite and mica along with niobium
mineralization (pvrochlore (?)) are quite variable in the
rock. A point count (1000 points) sample of the apatite-rich
ohase (Tvpe 1, Figure 2), at 9.6m yielded the following mineral
percentages: 66.3% apatite, 23.3% zoned phlogopite/biotite,
5.2% pyrochlore and unknown high index minerals .5%, 4.7%
calcite. In contrast, the mica-rich phase (Tyne 2, Figure 2)

(largely nhlogopite), reoresented by sample taken at 6.35m
vielded these point count (1000 points) results: 4.8% apatite,
73.8% nhlogopite, 17.3% ovrochlore and some unknown high index
minerals, 4.4% calcite.

The niobium mineralization is not well defined at present.
There appear to be at least two phases present that occur
together. The average grain size is about .05m but it varies
from about .02mm to .01mm in the mica-rich varietv (Figures 3
and 4). These small grains are extremely difficult to examine
in thin section. They are light gray in reflected light, and
onadue in transmitted light. Thev might be one of several
niobium-bearing ohases, and it can be said onlv that thev are
oxides.
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Figure 3.

Photomicrographs in plane-polarized light of typical high gradeniobium mineralization in drill hole 81-1 at 8.35 meters (3A)and at 6.35 meters (3B). 3A shows opaque (metamict)
disseminated grains,of_pyrochlore (?) distibuted around large,elffiedral-7zoned, phlogopite grains. The white-appearing grainsare apatite. Note metamict haloes around ca:-.-(31mmgrainsinc uded in phlogopite. The green cores of the ohlogopite aremore Mg rich than the more Fe-rich outer, brown zones (seeAppendix D, microprobe analyses by H. Qvale). 3B showsdisseminated pyroclore (?) in clear, white apatite and brownphlogopite. Also note the probable "sagenitic" rutile needlesdeveloped in phlogopite.
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N

.5 mm (appx.)

Figure 4.

Photomicrograph of polished thin section from hole 81-1 at 9.6meters. Photo taken in mixed plane-polarized and reflectedlight. The gray area is a portion of an isometric, euhedralspinel which may be largely pyrochlore. There are twoprominent phases within this grain. The light-gray phase isanisotropic and appears to partly replace a medium grayisotropic phase. The medium-gray phase contains abundantinternal reflections. The brownish gray appearing mineral isapatite.
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In the apatite-rich ohases the grain size of the niobium
mineralization is much coarser and approaches lmm. (It might

be also oointed out that the mineralization is much lower grade
in the apatite-rich ohase). A typical large, euhedral lmm
grain with isometric svmmetrv is deoicted in Figure 4.
Quantitative microprobe analvses by Ivar Hultin and Ragnar
Haugen (18/3/82) on a few grains that are dark grav in
reflected light (from the mineralized core interval at 7.9
meters) are listed in Table 1.

	

Grain Grain Grain Grain Gra n
1 2 3 4 5

Fe0 0.179 .241 .376 .226 .000

Mn02 .040 .050 .246 .011 .064

Ca0 15.820 16.795 17.343 16.580 15.951

Ti02 3.820 2.207 2.904 4.007 3.936

Nb205 75.057 78.218 78.240 78.150 75.734

Ta205 .228 1.472 .400 .310 .284

SnO2 .061 .074 .000 .135 .152

Tahle 1. Microprobe analysis of five seoarate "spinel"
grains from 81-1 core at 7.9 meters. Analysis
hy I. Hultin and R. Haugen 18/3/82, Geological Museum,
Tøven, Norway.

Note that the very high percentage of Nb205 leads Hultin
(personal communication, 3/82) to speculate that the mineral phase
may be other than pyrochlore.



The anomalously high content of Nb205 is inconsistent with
lower values reported for pyroch1ore (see, for example Van der
Veen, 1963, and Mariano, 1980). At present the classification

' of the niobium-bearin ohase(s) in the rock must be left ooen

1
(Hultin", 3/82, personal communication).

i

 

The change from green to brown color of phlogopite micas
reflects change in Mg/Fe ratios as indicated by electron
microprobe scans (12 points) on the two large, zoned phlogopite
ohenocrysts depicted in Figure 3 by H. Qvale (4/82, Appendix
D). In a paragenetic sense, the mica appears to have
crystallized earlv and changes in the Mg/Fe chemistry of the
parent ma ma is oerhaps reflected in these zonal differences.
A few phlogopite crystals contain inclusions of pyrochlore and
where this occurs metamict halos are developed.

The two point count values of apatite of 66.3% and 4.8%
represent extremes and reflect the inhomogeniety of the igneous
mass. It is estimated that the entire interval considering
apatite-rich and apatite-poor varieties will average 35-40%.  
(Apatite is easiest to recognize under CL with its
characteristic violet luminescence resulting from Eu+2
activiation, Mariano and Ring, 1974. The relatively high
cerium values of the assays suggests but in no way proves that
aoatite may also be enriched in light REO's.

Geolo ical Interpretation of the Holla Area

A geologic interpretation for the Holla area is depicted by the
attached geologic mao and cross-section (Plate III and IV).

The overall geologic structure may be one of a zoned appendage
of søvite magma that has intruded and altered Precambrian
gneissic country rocks. The following sequence of events is
postulated: The mechanism of emplacement, at least
initially,may have been explosive. High-temperature søvite
magma of low viscosity and rich in volatile constituents is
thought to have explosively forced its way into Precambrian
country rocks. A large shock zone of brecciated rock is
thought to have formed about the magma chamber. The shock zone
was then penetrated pervasively by søvite magma and the
Precambrian gneiss fragments were converted first to syenite
and then to hollaite by thermal and hydrothermal processes.
Peripheral to this shock zone a zone of thermal
recrystallization of the granitic gneiss and an addition of
alkalis took place to Produce svenite and pulaskite. Outward
from the syenite-pulaskite zone ordinary quartz-aegirine fenite
was developed largelv as the result of ingress of hydrothermal
fluids through outward-extending fractures oroduced during the
initial fracture event. A similar zonal oattern of development
was maoped in the Tuftestollen area (01more, 1981, Plates I and
II)

Indications are that the søvite magma chamber may be zoned, but
the drill hole only oierced through a portion of it and the
picture is assymmetric at present. The late rauhaugite and
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dolomite dikes mav he late, internal Phases of the sovite
magma. Indications are that there is an enrichment with Mg and
Fe in the later carhonatite ohases. Thus fractional
crystallization and internal senaration of a magma that differs
significantly in comnosition from the maama of outer zones is
suggested. The cross-cutting intrusive phase (mica-apatite
rock) mav he a residua1 accumulation in the central portion of
the søvite hodv. The enrichment of this late rock unit in
niobium, phosPhorous, cerium, fluorine, tantalum, heavy
elements and water mav he analogous to the later residual
negmatitic Oh3s33 Oif silicate svstems. (This concept is also

considered reasonable bv T.L. Sverdrun of A/S Sydvaranger,
nersonal communication, 3/82).

Some Fxoloration and Fconomic Consideratinns

Late stage Mica-anatite rock is regarded as an important
carrier of nyrochlore mneralization in carbonatites bv Mariano
(1980, n.34). Mica-anatite 1a1prophyre similar to that defined

here is descrihed by Vartiainen (1980) in the SoL14 carbonatite
comulex in northern Finland. However, probablv the first
author to record the correlation of pyroch1ore (betafite)
mineralization associated with mica-aoatite rocks is van der
Veen (1963, D. 168-170).

At Sokli no to 6% nvrochlore mineralization occurs in thin,
maximum 200 cm wide ferriphloqopite-apatite •ikes. As far as
known there is nothina to suggest that the dikes at Sokli rival
the ten-meter zone in drill hole no 81-1, but these similar
dikes at 3ok1i are widely scattered in that comnlex
(Vartiainen, 1980). Similarly, other likes conld occur in
other areas at Fen, and conld nave aone unnoticed despite the
30,000 meters oersona1 communication 3/82) of

previons drilling: for mica - anatite rock in hand soecimen is

!easily mistaken for the dark, hasic silicate rock termed
Hollaite. Thns, it may be predicted that rocks such as at the
top of drill hole no 81-1 will he found in other oortions of

L the Fen district.

It is imoossible to make a aeological assessment of the volume
of the mineralized bodv at Holla hased on one drill hole, hut
the followina observations cive an indication of size: (1) the

dike is near vertical in attitude and has a width of about
meters: (2) two small, several-centimeter- wide, dikes of this
rock may occur at the interva1 223-225 meters, about 150 meters
in hoth vertical sectinn and in olan from the dike at the
collar of the drill hole; (3) pronounced surface aamma
radiation anomalies over the orojection of the dike to the
north and south have been registered, indicating a length of
perhaps one-hundred meters: (4) 3 narrow magnetic low cou1d
also define an approximate north-south dike (Plate I).



DFTAILED GEOLCTIY DE MELTEIG/BRI5K^1YR AREA

(3enera1

The "Ielteid-Briskmvr area in an irredular, tonque-shaped
satel1itic bodv nf hasic silicate rocks which forms a
toondraphic re-entrant in the sosthern Portion of the renitized
border of the comolex. (See index map, plate II).

The area is of exploratinn interest for several reasons. In
the first instance, '.3r~er (1921, p. 13) reports several
anomaloas valses or nioPium and tantalum which require
verification. Seconliv, aeveral madnetic highs sccur in the

basic silicate roc.ks as ihhIcated hy 53rther's (1957) and
Carsten's (19811 macnutic intensity maps. And, finally, it has

Lpeen known for some time that the apatite is a possible source
lof phosphate and that the nepheline-rich rocks of the area are
a patential aource of raw materials for the class industry.

A semi-detai1ed, interprutive ceolocic man of the redion (Plate
11T)shows the snarcity of uutcrops snderlying the area of
criticcl interest. Thun soil and float mapping are heavily

relied upon in order tn Produce an interpretive map. The
manoed liatribution ur haiC silicate rocks differs little from
Sd,ther's (1957) maD, however, the locatinn or outcroos anh
separation ost of letailed relationships should he of benefit
tn nresent as well an rsture investidations.

Rock Units

Med :m-lrained "3.ranitu

Medium-drained crdnite (Ac) is fodind in two dutcrons in the
extreme western Portion cf the Melteid area. Under megascopic
examinatinn the dranitu is clean ardnearing and apparentiv
unfenitized. Rowever, evidence of weak runitization under the
micrnscope and dnier in inhicated a rew dark red

luminescind cores of K-feidspar crains unh also by small blebs
and oatches •f introdsc3d oalcite (see samule No. F 00711,
Tab)e 2).

Quartz-keairine Fenite

(Raf) fOET5:,a resintant, tapograpnic rim horlering melteigite
and related ultramafic rock units. Recognition of this unit in

the field is based in the megascopic identification of quartz
cnd introduced aedirinn, the two kev index minerals.

This rock un t is nnly oartiv recrvstallizeh and altered by the
metamorphic/metanomatic processes of fenitisation. Pegmatitic
onds and dikes 3:9 crymmnnly oriented suP-oarallel to
foliation. Narrow catacla:atic zones are well derined.
'letasomatic introductiun nr aecirine enhances the •efinition of
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Precambrian foliation bv its reolacement of biotite. However,
aeairine dominantly forms veinlets alond hair-line fractdres
that ha7e directions irresnective of foliation (see Plate II).
The oresence of aegirine veins and veinlets is taken as
evidence that the rock underwent brittle fracturing prior to or
incident to the inuress of fenitizing fluids.

Under the microscooe, aeuirine, blan amohibole, K-feldspar,
ca1cite, chlorite, hiotite, albite, sphene, guartz and rdtile
are observed in some specimens (for oxamole F00678).
Cataclastic texture is well exhibited by undulose extinction of
quartz and twin disolacements along microfractures. In some

specimens cataclasis has all but been obliterated by
recrostallization.

Under CC aegirine veincets are narbrei cv halos of secondarcr.
alkali feldsoar in which Fec3 ia present. -ctfects of

fenitization appear to be concenfrated along grain boon5aries.
Apatite possnssin0 21, is present in same specimens.

Cheminal analyses of two samp1es of cdartz-aegifine fenite are
clotted in Table 3.

Svenitic Fenitn

Svonitif fenIte (Bsy) a term ased by (Vartiainen, 1980) is
definel hnre as comoletely recrystallized granitic gneiss that
is rich in •egirine, K-feldspar and albite. The unit is

varianle in texture and apoearance and ranges from
coarsn-grained, K-feldsoar-rich rock tona dar.<, non-descrip
aegirine-rich rock that tends to aradn tntn meteiaite.
Cnntacts witn mel'eiaite are th5s lndistinct, except for a few
dikeletd nnen to cit Guartaz euirine tenite.

Under the microscooe (Table 2) princIpal minerals are aegirine
and alkali feldspar (including both albite and K-feldspar).
Secondary aloite nverafcwths are tvpical as is oatchy
replacement ef K-feldepa- by albite. Tocal albite flooding is

observel Where the rock consists lominantiv of short stubby
qrains nr ilHite.

Under CI, it is observed that most K-feldspars are deep red and
characteristically have borders of blle luminescing
olaginclase. That the Fec3 enrinchment of K-feldspar grains

has OcCurre-H in the Presence of fnnitizing solutions from the
adnacent hniy nr inolite-artite seems indisbatable.

Thn chemistrv at one typical sDeo men (F00695) is olotted in
Table 3.

`,1elteidite

 !elteiaite (Cm) is hest exposed alond the roads leading to and
from the 'Ielteig farm honise. Much of the area inferred to be

underlain by molteigite on the aeo1ngic map is, unfortunately,
covered by soil, cultivated crops, and indigenous vegetation;
itherefore, the map is, in part, based upon erosional features, I
;soil characteristics and float.
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Megascooic examination of texture is indicative of a medium to
coarse-grained areenish-black p1itonic rock. The texture is
tvpified by bundles of bladed 2-10mm euhedral, green aegirine
orisms enclosed in eauant, 10-20mm grains of white to vellowish
nepheline. Other minerals obvious in hand soecimen are sphene
and melanite. The latter is black with a sub-metallic to
resinous aoPearance and occurs locally as large, irregular
natches.

Melteigite has several textural varieties. At contacts with
syenitic fenite it appears to be fine grained and equigranular,
as at sample location F00679, indicating the oossibility of a
chilled border nhase. At one locality outside the map area, a
dike of melteigite cutting svenitic fenite with aegirine
needles in sub-narallel alignment and oriented perpendicular to
the contact was nbserved. This ohenomenon has also been
recorded bv Lehijårvi (1961) in the alkaline district of
Iivaara, Finland.

Under the microscooe it is seen that orimary minerals present
are sphene, aegirine LI.e_phe1ine1melanite, ao tite, mica and
calcite. Accessory minerals and minerals resu ting from
secondary reolacement are cancrinite, zircon, white mica,
chlorite, ilmenite, magnetite, pyrite and chalcopyrite (Table
4). Neoheline is commonlv altered to cancrinite and white mica.

Several areas of strong deuteric alteration where nepheline is
altered to white mica and cancrinite and mica (biotite) is
altered to chlorite are noted on the map (Plate II). These
areas mav connect to form one large alteration zone. Deuteric
alteration mav be the common case with fresh unaltered rock the
exception.

Chemical analvses of two altered specimens of meteigite are
listed in Table 3 and A1903 - Ca0 - Mg0 ratios are olotted
in Fig'ire 5.

Tinguaite

Tinquaite (Ct) is known to occur as one small dike in the
Briskmyr area (F00712). The rock exhibits porohyrytic texture
in hand specimen with euhedral pink ohenocrysts of K-feldspar
and white, eduant ohenocrysts of nepheline imbedded in a fine
grained, gray groundmass. Under the microscope the groundmass
is seen to consist of plagioclase, aegirine and sphene.

It is possible that tinguaite represents the fine-grained dike
equivalent to melteigite or a mixtare of melteigite and
syenitic countrv rocks.

Urtite and Ijolite, Undivided

Urtite and ijolite, undivided (2u) are inferred to lie beneath
an aoproximate 50 x 200 meter oblonq area on the geological
mao. These neohelineTxich intrusive phases occupy the larger
percentage of the extreme southern portion of the melteigite
intrusive bodv
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A120,

689

693

696A

6695

50 50

;691

692

6966

686

690

Mg0 50 Ca0

696A - Urtite 690 - Melteigite
691 - Ijolite 695 - Syenitic fenite
692 - Melteigite 693 - Quartz-aegirine
6968 - Melteigite?




fenite
686 - Melteigite 689 - Quartz aegirine

fenite

Figure 5 Variation in molecular CaO-Mg0-A1203 for melteigite,
related ijolite and urtite, and quartz-aegirine fenite.

Nbte that sampleNo.s are shortenedfrom F00696A,etc.
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Megascopicallv the hodv consists dominantly of medium grav,
coarse, pegmatitic segregations of nepheline intergrown with
1ong blades of aegirine.

Under the microscoPe neuheline, aegirine, apatite, suhene,
cancrinits, calcite, hiotite, melanite, and Derovskite are
identified (Tahle 4). In one soecimen (f00698), cancrinite is

Probablv a Drimarv magmatic mineral. One chemical analysis of

IneDheline hv microorohe (T. Nnderson, 1981) is listed in Table

5. Also with microprobe methods H. Qvale and S. Olmore (3/82)
 confirmed the oresence of calcium and titanium-rich perovskite
(samole F00692) apparentlY lacking niohium.

Silico-Sovite

Silico-sovite (Dsc) occurs anomalouslv as one small outcrop
alongside the main road in the western Dortion of the mao area
at X140469-Y50049. The oztcrop is particularlv striking

because it is a small mushroom-shaped Protrusion above the
surounding fenitic granitic uneiss.

Under the microscooe it is seen that the average grain size
varies from between 0.2mm and 0.5mm. Primarv minerals are
calcite and alPite. Albite occurs as .05mm euhedral laths.

Accessorv minerals are biotite, ovrite and rutile (?).

Explosion Breccia

Explosion breccia (bx) consisting largely of rotated and
comminuted fenite fraqments croos out in the Briskmvr area.
Onlv the central zone 3f intense brecciation is indicated on
the map as intrusive breccia. Entated fragments and blocks of

quartz-fenite Iving peripheral to this central zone are
indicated bv the random orientations of measurements of primarv
gneissic foliation.

Under the microscope the breccia is seen to consist of a
fine-grained paste of quartz, microcline, aegirine and blue
amPhibole. The amphibole is thought to have formed
retrogressively from aPgirine as the result of low-temperature
hydrothermal solutions Eiltering through the porous rock.

The hreccia zone is spatially close to mapped patches of
Damkjernite instrusive, and therefore a genetic connection is
indicated, hut not proved.

Damkjernite

Damkjernite (Id) crops out in two small patches in the Briskmyr
area. One sample at locality F00709 is typical, consisting
dominantly of rounded gneiss inclusions and coarse biotite
phenocrvsts.

Onder the microscope phenocrysts of pyroxene and biotite are
particularly evident along with inclusions of calcite and
abundant aegirine needles. Opaques Dresent are magnetite and
ovrite. Xenocrvsts of olivine with alteration horders are
guestionahlv identified along with small, ovoid 1 cm inclusions
altered to biotite, aegirine and calcite.
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ELMT ZAF %ELMT %0XIDE FORMULA

SI 1.005 19.615 41.960 4.084

TI .829 .041 .060 .005

AL .922 18.288 34.555 3.915

FE .914 .490 .630 .051

MN .808 .000 .000 .000

MG .850 .084 .139 .020

CA .962 .347 .486 .050

NA .834 11.759 15.851 2.955

K 1.000 6.117 7.369 .904

0 .483 44.318 .000 16.000

TOTAL




101.059 101.058




Table 5 Microprobe analysis of a single crystal

of nepheline from urtite pegmatite from

samnle locality F00633 (Plate II). Analysis

by T. Andersen (1981, Table 4).
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Bostonite

Bostonite (Nh1, 3 name annaied nv Brønger (1921), nccurs as
Orown-weatherinn, nern fine drained, 5 cm to 1 m wide dikes

that cat throlan aenirine—agartz fenite. The 3i1Kes tend to ae

oriente1 to faliation in the fenits, Out this iS


by no meane a riøoh. rals.

The hierohcen• reneale that trrnnriharn hineralonn of the aicbas

has neen huhioated to intehhe deateric alteration, yet the

nrimarv hala-chnstalline "hastonitic" texture is preserved.

F.ssential minerals nrex•nt are K-fe1dsnar, albite, ang
hornhiende. nsuteric alteration annears to have formed

calcite, chiprite, 9hite miC3 and clav. Calcite locally
comnrihos ' as 125 af the rock.

The ai1ces earrol

that are of nroo

Jate ikes fovni in the Fen mines area

Structure

Foliation in uartz-aenirine fenite consistently strikes to the

northeast anl dina steen17 northwest or southeast. In those


zones of ths iranitic aneios that have 'nec,r1converted to

svehitic renite nr Orecciated, foliation is unmeasurahle with

cohsistenc7.

Anainsis of aor1:1 nhotom uni tononrannic hans alonn Witn 500e

Ge(310:::ic t9 tre inference af a hystem of larde,


northwest-horn-:ind faalra in hhe soathwest nortian of the
manned ar-a. npidenpe is nest •eveloned 4here a large lake has

dammed dp agarnht a northwest-striking escarpment. (This is


similar to sad nonds depeloned along large recent fault zones

descrined elaewhere, for •xample, along the San Angreas in

California1. Also of imnortance is a natch of near-fresh

hedium nhaine: nranite in iaøtanosition with hrecciated
nuahtz-aenirine renite alonn the nossible fad11-. )forenver, the

apnroximateln 170 strioco n7 'his hynotneticai faalt zone


is convenientln hnh-nara1le1 to similah t000nraphic hreaks ang

taalts manoel within "he comnlex and on the northeast marnin of

the comulex (ilmore 1990,1951).

The overall map pattern of the melteigite-ijoLite-urtite hody

is discordant to all or the anove-described fracture and

foliation directionh. The mass was nrobaOly emplaced pasively

dv ashimilation or metasomatism of granitic gneiss withoot

renard tr)the lominant northeast trend of the foliation in the

aneiss.

Fixn1nratio 7ahnots

Nishaam mineralioation henartei nv Brøager (1921, n. 18.1

3jorlikke  (1039, n. 171-154); and Sæther (1957, p 29) south nif

the Meltein Farm cannot he sunstantiaten from information

gathered thas far. Thn netrouraphic and geochemical data

collected have not revealed the konpite offpyrochlore of
nreninns innestinatinns.
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In several samo1en the mineral oerovskite (which can contain up
to •ahont 16= niohiam), uan heen 'dentifed in small amo.ints, out

microprohe analvsin thnn far does not indicate tne presence of
even trace amounto of niohiim.

Potential of the orea for dri11ing wi11 be revie.,(vedwhen
availahle aeochemioo1 onoIvnes are received.

Tkere =re•e orinciool jr.?on flf anomaloas maanetic response
that also mant hn conni3ered os oonsihle exoloration targets.
Two of nhese ara nnown on :cIa.tner's(1957) map and •re confirmed

hv Carnten's (I321' n•rvev, ond all are olotted on on overlay
for the aeohoay (olotet IT orc TI•). The most promising of

these anomalies, Ivina nevera1 nundred meters west of the
%Ielteia farm house, could he the result of large magnetite

concentrationn in the melteiaite. nother possibility is that

a bodv similar to the Jacuoirangite at Kodal, Norway (Bergstøl,

1972) with magnetite, •patite and possiblv ilmenite
2,-eareastions,lies Sere.

The larde, eTe,ee_ "2 vrtite and ijolite is of
nome interatt Hecalne nf inn hian nennellne content. One

microorche anal?nin of neoneline ev Andersen (1981) indicaten,
an iron content off 34Qfln 1'.7,ht2 5). Mao relations indicate

(Hhat a holv of coarte, frenh, neoheline-bearing rock with
•limensions (of aporexiootelv 20i meters x 70 meters x 200 (?)

.metern coulI exidt.

It mav be worth drillina 2itner tne maanetic anomalous areas or

the neshellne mineralize.tion.

Tci\cL:s

grage nidhi ninero).ination nas peen discovered as the
retalt of hri3j on in the dolio area. Indicated grades of such


mineralInatinn orn an Iha•af 2-4% NO-205 ahong with
strondiv anomalein noncentroniont of tantalum and phosohate.
At 'nois t'me nne vol sre nO tre minerilization is not known, out
if one antaTeo t is contained in a late,
dike-like c, " negId exist.

The anraTa'atfn . 1..-.ineralized, fluorine-rich,
water-rinn, ononohato-nilicate ianeoas rahase (Lamoronnyre) may
hear the sa:ne relatinnshio to a nomooand søvite body as late
neamatite ahanen heor to parenn aranitic instrusive ohases in
oare silicate nvntemn. Chat the Jenesis of this hiah-grade

niohium minera1ization cov renaln from hate-stade volatile
enrichment in the interinr oortions of a crystailizing søvite
boav. ==:her investiaotipnn at Fen nhoold he oriented toward
inders-,ndina tno aenetio T)fthis reck unit and testing the
oh07e hyflehheels.
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The source of the mineralized lamprophyre dike could be as much
if not more of an interesting exPloration onjective (from the
standnoint of volume) than the dike itself. Thus deep drilling
shall be necessarv to test this nossibility.

RECOMMENDATIONS

The Fen exploration nrogram should be immediatelv reoriented
toward drilling oit an assessina the grade and volume of
hiah-arade niobium mineralization of the Holla area. An
estimated 3900 meters of drillina will be reguired before a
bodv can he nroved. The aeoloaic information develoned should
he used to design a shorough proaram of exploration for similar
occ.irrences in the Fen comnlex.

Exnloration of the lower-priority, Melteig area, which is of
some intnrest for anatite, neoheline and niobium should be
Peserved for a later date.
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APPENDIX - A

DRILL HOLE NO, 81-1: WRITT= DESOPLIPTION AND sCOIARi,
ALL NOTES BY S. D. OLMORE

0 - 12 m

Mixed rock unit. Mainly aPatite-biotite rocks with maroled
segregations of apatite, few søvite inclusions;
grades to a greenish gray biotite-aoatite rock that appears
to be intrusive in origin. Loaded with fine grained, dis-
seminated columbite (?) and pyrochlore. The columbite and
pyrochlore tends to be distributed around phlogopite pheno-
crysts and occurs as streaks. Samples 1-3.95, 1-4.4, 1-6.35,
1-8.35, 1-9.6.

12 - 100 m

Dominantly coarse grained biotite-rich, magnetite-bearing
søvite. Magnetite content is on the average of 1% through-
out. Magnetite appears to occur as graphic intergrowths.
The origin of the graohic intergrowths is entirely uncertain.
The søvite is extensively banded with a consistent orientation
of about 45° to the core axis. Whether this is primary
layering or flow banding is uncertain. The mineral zoning
of the søvite implies that the banding is primary and related
to magmatic segregation.

100 - 114 m

Seems to be a border phase of the søvite intrusion. Definitely
finer grained, contains disseminated pyrochlore.

114 - 140 m

Mixture of søvite and later rauhaugite dikes with locally
well developed pink alteration haloes. This is the same
relationship as observed in the Tuftestollen.

140 - 160 m

Mixed rock units - sevite Ds, dolomitic or raugaugitic dikes
Gt, similar to Tuftestollen occurrence, fenite or fenitized
precambrian Bsy,with syenitic textures. Rock unit that
dominates is søvite with inclusions of basic silicate
rocks (Ch) hollaite. Adjacent contacts with the basic
silicate local carbonate flooding is observed. Dikes of Gt
cut all rock units. Peripheral to Gt are pink søvite zones
that appear to have developed from metasomatism.
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K-feldspar flooding occurs marginal to dolomite (beforesite?)
dikes. No question that syenite formed. Always medium grained,
is metasomatic syenite at 196-197. Dolomite dikes are hard,
gray on fresh surface and can contain appreciable amounts of
apatite. Occasional fenite patches are found in basic sili-
cate rocks.

200 - 220 m

Rock units are extremely mixed in this interval. Gt is apparently
the more abundant of the rock types present. Gt is yellow-
gray and has a fine-grained granular texture. The average
grain size is less than lmm and banding is evident. Cb grains
are believed present and occur as small dark specks less than
.5mm in diameter. Gt is later than søvite.

Søvite (Ds) is altered to a fine-grained, dense, rose- to
violet- coloured rock.

Mineralization with pyrochlore/coltubite appears best at 202-203m.
SamPle taken at 1-218.2 has been confirmed as columbite by micro-
probe analysis.

Fenitized Precambrian gneiss, k-f flooded, occurrs as relict
patches in basic silicate rocks. Basic silicate rocks are
typified by transecting calcite veins and veinlets with biotite
haloes. Uncertain whether biotite results from magmatic crystal-
lization or alteration.

Note that kf, or albite flooding of basic-silicate rocks (here
called Hollaite-ch) is well documented. The feldspar flooding
is apparently related to dolomite or rauhaugite dikes cuttina
through basic silicate rocks.

220 - 240 m

A transition zone from dominantly carbonate rocks to dominantly
silicate rocks, Gneissic fenite is altered to basic silicate
rocks.

There are a number of white dolomitic dikes, dense, bluish gray,
fine grained. These dikes have biotite haloes on them. Positive
evidence for the brecciation of fenite with later metasomatic
alteration to a mass of biotite, sphene and chlorite.

Late, coarse apatite dikes are brownish gray. They cut both
Gt (Tuftestollen type rauhaugite) and Ds (søvite).

Pyrochlore mineralization in well-defined bands from 223-224m.

240 - 260 m

Zone consists mainly of basic silicate rocks (Ch, Hollaite)
and feldspar-flooded fenite. Several types of carbonatite
dikes present in this interval. Søvite (Ds) dikes barren of



Near-massive magnetite zone occurs at 146.5m. Columbite
may occur together with pyrochlore as 0.3-0.7mm black crystals
that are disseminated throughout Gt. Columbite-pyrochlore
mineralization appears to be spatially related to Gt dikes.
Interval from 145-146m is similar to the mineralization ob-
served in the tufte area. Best mineralized zone for colum-
bite and pyrochlore appears to be between 155 and 160m.
Apatite is locally common and the green varietv appears to
be associated with gray dolomite dikes. Pyrrhotite and pyrite
occur in streaks and bands and are commonly intermixed with
magnetite.

Basic silicate rocks, common to abundant sphene is present,
perhaps as much as 5 percent. The basic silicates are commonly
altered to massive chlorite rock with disseminated pyrite.
The basic silicate rocks contain no magnetite. They are
apparentiv metasomatized by infiltrating søvite dikes to
carbonate-rich rock. They also contain K-feldspar segregation
zones or dikes. In one spot at 152.3m basic silicate grades
into fenite. Where the basic silicates are most altered
chlorite, black biotite, sulfides and sphene are present.

The søvite locally contains abundant amphibole lending a blue-
green colour to the unit.

Samples: 1-150.7 basic silicate - carbonate flooded, check
alteration also ccmnosition of sphene, any niobium?

1-158.6 søvite at contact with basic silicate.
Appears to contain disseminated columbite with pyrochlore
cores. Check,could be from high-grade zone.

180 - 184.5

The inte-val is dominantly søvite with primary mineralogY
and structure obliterated by alteration that formed during em-
placement of Gt (dolomitic) dikes. Pale-reddish purble
staining is pervasive. Question: What is the mineralogical
and/or trace-element difference that contributes to the for-
mation of reddish-purple carbonate? Is it Colum-




bite mineralization is strong in this zone and is definitely
related to emplacement of dolomitic dikes. Columbite grains
may be very fine, .3mm and are abundant on the borders of
dolomite dikes and within them. 182-184m could be and ore zcne.

184.5 - 200 m

Basic silicate, greenish black, varies from fine grained to
coarse grained. Altered to a mass of chlorite and sulfides.
Sphene is common. Possibly some zones with nepheline -
(equant gray grains) cut by numerous søvite and Ct (beforsite)
dikes. Søvite dikes invariably have biotite margins and
may cause some local carbonate flooding of the basic silicate.
Bitotite occurs as an alteration halo on basic silicate dikes.
Chloritization may result from hydrothermal solutions off of
søvite magma.
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mineralization, along with thin, 1-4mm-wide søivte dikelets
with Ch haloes developed on them. Barren, white dikes of
dolomite bearing pyrrhotite (Gw) also a few bonafide dikes
of rauhaugite Gt are present. The white dikes have well-
developed biotitic haloes marginal to them. They could be
a dolomite distal phase of late søvite.

Appears to be no mineralization of economic interest within this
interval.

One zone with coarse magnetite is present - Rock tyr,e (?)
at 253.1.

The Hollaite (Ch) clearly developes in brecciated zones of
syenitic character. Non-brecciated zones are not converted
to Hollaite, only alteration selvages on a few søvite veins
are present. Alteration of fenite is as follows: Bqf to
BSy to ch to possible rheomorphic Hollaite or Dsc-silico-
carbonatite in very thin dikes.

Noto that at 259.5 gray dolomitic dike definitely cuts søvite.

260 - 280 m

Dominantly fenitized and syenitized granitic gneiss in vari-
able stages of development. Syenitic fenite (Bsy) medium gray
colour and coarse K-feldspar. Ordinary fenite (Balf)observed
in places, not recrystallized with trace amounts of quartz
present.

Some of the Svenitic fenite may be termed pulaskitic, totally
recrystallized K-feldsbar-chlorite rock. Well developed zone
from 272 to 280. Sample 1-276.3 check petrography. Bladed
crystals of pink, perthitic K-feldspar, also pyrite. The
pulaskitic phase of syenite development is definitely cut by
Hollaite development.

Ds dikes are commonly yellow gray, may contain green apatite
and are generally barren. They have reaction rims of Hollaite
when in contact with Bqf and Bsy.

280 - 300 m

Syenitic fenite with pulaskitic textures. This rock unit appears
to have formed in place by total recrystallization. Silico-
carbonatite dikes could result from the intimate mixing of
Hollaite in søvitic magma. The syenitic zones definitely formed
by recrystallization before Hollaite developed.

At 286m a søvite dike has unusual relations with a do1omite
phase. Is there possibly a composite relationship between
these two phases?

Also at 299-300m coarse crystalline dolomitic carbonatite is
columbite bearing. The dolomitic phase is later and cuts søvite.

Hollaite streaks in søvite result from inclusions of Hollaite
caught up in the magma stream.



300 - 320 m

Mixed rock units. Dominantly Hollaite (Ch) with thin
yellowish-gray dolomite or ankerite dikes (Gy) cutting
through. The ankerite dikes have zones of K-feldspar
flooding on either side of them. The ankerite dikes may
correlate with the Ct dikes cutting søvite, but this is
as vet unproved. The søvite ankerite dike at 300m may
show a composite relationship between the two phases.

320 - 340 m

Dominantly Hollaite patches altered to Syenite - an event
apparently related to dolomite or rauhaugite dikes. Also
Hollaite contains patches of syenitic granitic gneiss.
Hollaite contains mainly biotite, is black, and contains
patches of epidote-Chlorite-sphene rock. These are probably
alteration zones after Bsy and 3uf - (fenitic granitic gneiss
bearing quartz).

Hollaite is transected by numerous hair-line søvite veinlets,
it is also cut be Gy dikes "yellow dolomitic dikes" - source
unknown. Hollaite has relict intrusive breccia structure
preserved from 324 to 328 meters.

There is a local dike of silico carbonatite (Dsc) at 330m
that is most definitely intrusive. At 331m true fenite
begins. 331-340 mixed zone with aqf (auartz fenite) syenitic
fenite, and there is difficulty in differentiating between
these two units.

One yellowish-gray dolomitic dike at 330.5m may contain colum-
bite.

The edge of the intrusive brecc a zone allowing the formation
of Hollaite is at 331m.

340 - 360 m

Dominantly fenitic granitic gneiss. Quartz is present.
Primary foliation is obliterated. This is a "crackle" zone

outward from the Hollaite zone. Green alteration assemblage
is chlorite plus sphene and aegirine, which is developed
throughout and marginal to the Hollaite zone. Fine, randomly-
oriented Hollaite selvages on søvite veinlets occur throughout.
The rock has a jumbled appearance in many places, here it is
altered to either Hollaite or chlorite-sphene-aegirine rock.

Silico-carbonatite dikes (Dsc) contain fine biotite. Yellow
dolomitic dikes (Gv) definitely cut søvite dikes and have no
alteration halces.

Fenitic granitic cneiss comes in at 343m.

360 - 385.4 m

Typical quartz fenite with abundant aegirine veinlets and dikes.
Also Hollaite haloes developed on søvite dikes. The gneiss has
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been thoroughly cracked and broken but rotation and trans-
port has not occurred.



APPENDIX B

LIST OF ABBREVIATIONS USED ON DRILL LOGS AND MAPS OF S. 0. OLMORF

, at dev . developed

adj = adjacent diss , disseminated

& . and dol , dolomitic

AA = as above dom = dominant

abd , abundant

Ag , aegirine exc , excellent

alt . altered E.O.H. = end of hole

am = amphibole

ap = apatite f , fluorite

f.g. , fine grained

biot = biotite fol = 5oliation

blu . blue fs = feldspar

brn . brown flu = fluorite

bx = breccia ft = fault

bxed = brecciated

g = goethite

CA . core axis grn . green

cb . columbite grnd = grained

carb = carbonate

cl = chlorite h = hematite

com , common h'line = hair-line

cms - centimeters

crse - coarse incs , inclusions

CL Cathodoluminesscence

kf . potassiumfelsoar
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lge . large s = sulfides

loc , locally sy . syenitic

lt , light segs . segregations

sp . sphene

mag . magnetite sub 11 . sub parallel

mass . massive s95 . sovite

med . medium

M . mica tab , tabular

mix . mixed typ = typical

tr = trace

neph . nepheline

vns . veins

p- = weakpresence v f.g. . very fine grained

p , present

P+= strong presence w/ = with

pc = pyrochlore or wh = white
columbite

pk = pink
x cut = cross-cuttingPo = pyrrhotite

poss = possible
yel . yellow orphenos , phenocrysts yellowish

py . pyrite

quartz

qtz = quartz

rau = rauhaugite
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APPENDIX C

The following list of analytical results are for nine split
samples of coarse rejects from drill hole 81-1. The samples
were sent by Ivar Hultin of Sydvaranger to J.W. Keim of
Molvcorp, Inverness, Colorado for analvsis. Samples for the
Molycorp analvsis, for examnle FN-3 means the interval 3-4
meters, were analvzed bv the DC nlazma method at the Louviers,
Colorado laboratorv by M.P. Moore. The Louviers results
"corroborate" the initial, duantitative XRF results reoorted by
Sigurd Melsom of S.I. Laboratories, Oslo, Norwav on 8 March,
1982, The assay numbers for both laboratories are summarized
below.

Fenco Sample S.I. Lab Louviers Louviers
No. %Nb205 (*4) Lab No. Lab

% Nb205

2.35-3 6.15
3-4 3.86
4-5 4.00
5-6 3.43
6-7 5.43
7-8 4.43
8-9 6.29
9-10 4.72
10-11 2.00

AVE. 4.47%
11-12 1.43

FN-2
FN-3
FN-4
FN-5
FN-6
FN-7
FN-8
FN-9
FN-10

6.93
2.95
3.07
2.92
5.61
3.82
7.96
4.67
1.47

AVE. 4.38%
NA

(*4) Conversion of NB-Nb205 on S.I. samples was 1.43 x % Nb



- 35 -

Menlorandurn
Mc1/2,com,

umen
MOLYCORP
March 31, 1982

Froj: #70-17
Ref.: #156-33

I % Nb,O,

% Ta,0,

•
% TiO,

% Th0,

I% Y20,

% Ce0,


i % La,O,

% Nd,0,

I

 

% Fe

k Mg


% Ca

I % P,0,

% Ni

I %v,o,

TO: T.E. Sisneros

FROM: M.P. Moore

SUBJ: Ore Samples from Norway

Nine ore samples were submitted by Jim Keim for analysis of niobium,
tantalum, thorium, yttrium, cerium, lanthanum, phosphate, vanadium and nickel.
The samples were digested in aqua redia. The iron, rare carths and alkaline
earths were separated from the earth acids and phosphate by fluoride precipi-
tation. All analyses were performed by DE plasma emission spectroscopy. The
analytical results (including iron, calcium, magnesium, titanium and neo-
dymium) are listed in the table below.

' FN-2 FN-3 FN-4 , PN-5 fl-6 1 FN-7 FN-8 FN-9 FN-10

6.93 2.95 3.07 2.92 5.61 1 3.82 7.96 4.67 I 1.47

I 0.054I 0.024 0.021 0.012 0.038




0.022 I 0.057 0.041 0.034

I 0.409 I 0.196 0.234 0.214 0.371




0.315 I 0.493 I 0.290 I 0.089

I 0.018 0.010 E 0.006 0.006 0.012 I 0.005 0.038 I 0.032 I 0.047

0.008 0.009 I 0.006 0.007 0.007




0.006 I 0.009 I 0.007 I 0.009

0.230 0.213 I 0.135 0.197 i 0.141 I 0.177 I 0.223 I 0.204 I 0.146

0.084 0.079 0.053 0.080 0.065




0.065 0.081 0.076 0.051

I 0.080I 0.076 0.049 0.064 : 0.059




0.064 0.084 I 0.073 0.053

1.85 1.32 1.62 1.43 ' 2.78




2.00 1.34 1.70 1.36

5.37 I 2.89 I 4.15 I 3.51 i <.01 i 6.93 3.45 5.54 I 0.92

20.8 29.4 26.2 26.0 35.9




18.1 25.8 I 20.6 I 34.0

18.3 I 17.8 10.6 i 13.7 I 14.2 I15.6 15.6 23.9 12.0

0.027 i 0.016 0.019 i 0.016 0.023




0.015 0.001 0.018 I 0.012

0.183 0.084 0.086 I 0.085 0.165




0.118 , 0.014 0.135 0.043

MPM/kc

cc: J.W. Keim
Mcran

N.C. Dimick

Foau : S {
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SENTRALINSTITUTT FOR INDUSTRIELL FORSKNING
FORSKNINGSV. 1. P.B. 350 BLINDERN OSLO 3. NORWAY - TLF. (02) 59 .3880 - TELEX 71536 SI N CABLE : SENTRALFORSK

RAPPORT

A/S Sydvaranger
PrOspekteringsontoret
Boks 83
1321 STASERK

Deres ref Deres hen ar Sis saksbehanj?er Dato

SE/ gmv 3 mars 1932

Oppdragets tittel Oppdragnr

ANALYSE AV PR0VES tsR_AHUI_LNR. 1 453 - 80 11 13 - 23

Analysene er utfprt ved hje p av r8ntgen8 uprescensspektrometri

etter Trinn I sam avtall.

Resaltater 


111

•

•

I 5

I 7

I 12

I 14

3 -




0,012

0,011

Th

0,022


0,012

Ce

0,16


0,13

» - 5 2,5 0,008 _. 0,090

- b 2,4 0,009 - 0,10

6 - 7 3,8 0,209 0,006 0,13

- S 3,1 0,009 ... 0,13

S - 9 4,4 0,003 0,030 0,14

9 - 10 3,3 0,013 0,036 0,14


10 - 11 1,4 0,012 0,048 0,082

11 - 12 1,0 0,016 0,025 0,11

- 13 0,11 0,010 0,014 0,063

13 - 14 0,13 0,011 0,020 0,064

- 15 0,28 0,012 0,033 0,060

15 - 16 a 0,009 - 0,055

16 - 17 0,032 0,013 0,022 0,088


17 - 18 0,31 0,210 0,000 0,060

18 - 19 0,023 0,009 - 0,055

- 20 0,016 0,009 0,005 0,047

20 - 21 - 0,010 0,008 0,052

liskiema 19
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453 - 80 il 13 23




Nb Y Th Ce

- - 0,,:ios




3,066

21 - 2 3 - 3,008 ._ 0,364




- 0,010 - 0,062

24 - 25 - 0,009 - 0,067

25 - 36 - 0,008 - 0,065

26 - 27 0,015 0,009 0,007 0,064

27 - 2 - 0,010 - 0,065




0,009 - 0,063




- 0,01: 0,006 0,063




- 0,0609 - 0,066




- 3,009 0,006 0,066




71,010 0,014 0,008 0,064




0,090 3,009 0,011 0,071

34 0,13 0,010 0,015 0,066

35 - 3t 0,23 0,310 0,028 0,083




0,41 0,7209 0,041 0,063

- 0,16 0,009 0,016 0,063

- 0,049 0,009 0,007 0,062




3,19 3,009 0,020 0,069




0,15 •,0339 0,014 0,066




0,34 0,0019 0,033 0,068




0,013 0,011 0,060

3 , 0,19 0,008 0,014 0,066

44 - 11) 0,29 0,008 0,026 0,074

43 - 4t, 3,11 0,010 0,010 0,066

47 0,15 0,009 0,019 0,067

47 - 48 2 0,011 0,013 0,367

4, -9 0,077 0,009 0,013 0,057

49 -50 0,12 0,009 0,017 0,069

50 - 51 0,055 0,017 0,042 0,081

51 - 42 0,034 0,014 0,014 0,066

52 - 53 0,10 0,011 0,022 0,069

53 - 54 0,062 0,009 0,008 0,058

5-, - 55 0,10 0,007 0,010 0,052

55 - 56 0,014 0,009 - 0,066

56 - 57 0,035 0,010 0,008 0,067

57 - 53 0,020 0,011 - 0,071

58 - 59 0,020 0,009 - 0,063

2
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453 - 80 11 13 - 23







Nb Y Th Ce

59 - 60




0,020 0,012 0,010 0,062

60 - 61




4 0,010 0,007 0,069

61 - 62




- 0,010 - 0,067

62 - 63




0,009 - 0,066

63 - 64




- 0,010 - 0,066

64 - 65




0,010 - 0,066

65 - 66




- 0,009 - 0,063

66 - 67




- 0,010 - 0,064

67 - e8




- 0,009 - 3,067

68 - 69





0,010 0,013 0,015 0,061

69 - 73





0,019 0,009 0,015 0,051






0,010 0,011 - 0,066






0,010 - 0,068

72 - 73





0,014 0,010 0,006 0,15

73 - 74





0,033 0,014 0,015 0,28

7- - 75





- 0,009 - 0,069






0,009 0,007 0,074

76 - '





0,010 0,006 0,070

77 - 78





- 0,009 - 0,066

78 - 79





- 0,010 0,008 0,074

79 - 832





0,013 - 0,067

30 - 81





- 0,008 4 0,074

81 - 82





0,009 - 0,069

82 - 83





0,009 - 0,069

83 - 84





- 0,310 0,005 0,065

84 - 85





0,009 - 0,067

85 - 86





- 0,011 0,010 0,073

86 - 87





0,009 0,005 0,064

87 - 88





0,009 - 0,067

38 - 89





0,009 - 0,060

89 - 90





- 0,010 0,007 0,063

90 - 91





- 0,009 - 0,044

91 - 92





0,010 .. 0,035

92 - 93





- 0,008 - 0,060

93 - 94





0,014 0,009




0,066

94 - 95





- 0,008 - 0,057

95 - 96





- 0,010 - 0,061
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453 - 80 11 13 - 23

Nb Y Th ce

98 - 97 _ 0,008 - 0,056

97 - 98 n mn 0,010 0 ,006 0,052

98 - 99 0,010 0,010 - 0,056

99 - 0,010 0,010 - 0,043

S 0076»




0,012 0,034 0,052

Payisnings•renser




SI

108 : 0,01 7

: 0,005 7,

SENTRALINSTITUTT FOR

IN0USTRIELL FORSKNING

‘ltuLrn„,
5. Mels= B. Dirda1
cand.rg21. ing.

A/S Arda1 8:85Sunfldal Verk.

v/cdnd.rea1. Vigao H. iik

Postboks 5177 Majorscua

Oslo 3
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APRENDIX

Sample No.

D - MICROPROBE ANALYSES

DATA AFTER

Si02 TiO A120 Fe0

OF COARSE, ZONED PHLOGOPITE

HENNING QVALE,

MICAS

4/82, TØYEN,

Na20 K20

FROM


NORWAY

F-

MICA-APATITE LAMPROPHYRE

Sum MgO/Fe0 Point CommontsMn0 Mg0 Ca0 Ba0

F81-I,




40.3 0.5 12.5 4.9 Tr 25.0 0.0 nd 0.5 10.2 3.0 96.9 5.1 1A Core




8.35m




40.3 0.5 12.8 4.7 0.0 25.2 0.0 nd 0.4 10.3 3.4 97.6 5.4 111




GRA1N 1 41.2 0.6 11.5 7.5 Tr 23.0 0.0 nd 0.0 10.8 3.5 98.1 3.0 1C




41.4 0.4 11.8 5.5 0.0 25.4 0.0 nd 0.0 11.0 5.2 100.7 4.6 1D




41.7 0.8 11.3 7.0 0.0 23.3 0.0 nd 0.0 10.4 4.0 98.5 3.3 1E




42.5 0.5 11.8 6.8 Tr 23.9 Tr nd Tr 10.7 4.7 100.9 3.5 1F RIM

F81-1,




40.0 0.5 12.5 4.9 Tr 25.3 0.0 nd 0.4 9.9 5.0 98.5 5.2 1G CORE

3 .35m




40.5 0.5 11.6 6.6 0.0 23.8 0.0 nd Tr 10.6 5.0 98.6 3.6 1H 1
i/

GRAIN II 41.9 0.5 12.2 6.0 0.0 24.0 0.0 nd Tr 10.7 3.8 99.1 4.0 1J RIM 0

F81-1,




40.2 0.3 11.5 4.4 Tr 25.3 0.0 nd 0.3 10.2 2.4 94.6 5.8 1A CORE

3.95m




40.7 0.5 10.8 6.0 0.0 24.6 0.0 nd Tr 10.4 3.9 96.9 4.1 1B









 I/
GRA1N 1 40.7 0.6 11.7 6.6 0.0 23.4 Tr nd 0.3 11.0 5.4 99.7 4.0 1C RIM

Note, see Figure3A for grain I and grain II of F81-1, 8.35m.















