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Union Oil Center
P.O. Box 54945, Los An9el6s, California 90054
Telephone: (213) 486-6031

H. Eakland, Jr.

un:76n
MINERALS

February 23, 1979 rleisLe& PH

Mr. Orvar Braaten
General Manager
Metal ExtractorGroup of Norway
P. 0. Box 5430

Oslo 3, Norway

•
Dear Orvar:

Enclosed i9IJohnLandreth'ssummary reptort,on the Fen
District an his recommendationsfor the work to be done
during the coming field season. I have not yet had time
to read in detail but John gave a verbal presentationof
the report yesterday. I think he has done a thoroughjob
of evaluatingthe present state of knowledgeon the Fen
area. I hope you and your staff will have a chance to
review it before the meetings in Oslo.

I am still planningto arrive in Oslo on March 4 and to
meet with you March 8 and 9 to discuss the operating
agreement. I will be accompaniedby Mr. Robert Humphrey
of Union Oil Company'sLos Angeles Legal staff, and Mal-
colm Groom, whom you met on our previousvisit.

With best regards,

I

EHE:mn
Enclosure
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SUMMARYAND CONCLUSIONS

A mineral evaluationwas made of the Fen alkalinecomplex,near Ulefoss,
Norway, by John 0. Landreth. A jointventure explorationprogram
between Union Mineralsand a consortiumof Norwegiancompaniesis being
consideredfor a completemineral evaluationof the complex. A trip
was made to Norway in late 1978 to review and collectdata from all
available sources,includingpublishedand unpublishedcompany
informationabout the many varied resourceswithin the Fen complex.
Several personalinterviewswere held with peo.plehaving first-hand
knowledge of the mining and/or geologyof the area. This evaluation
is based solelyon data collectedand presentedto the writer as no
field investigationwas made. The Fen complexwas visited for part
of one day but the area was coveredby snow.

The Fen alkalinecomplex consistsof an oval-shapedstructure,2.3 km

by 3.0km,where alkalinerocks and solutionshave been intrudedform-

11, ing fenite,basic silicaterocks, and carbonatites. The complex is

enriched in severalelementsand mineralsof economic interest,
including:columbium,iron,nepheline,phosphate,rare earths, scandium,
thorium,vanadium,and yttrium. Of these, rare earths, columbium,
and apatitehave potentialfor economiccencentrationswhile vanadium
and yttriummay be byproductsof columbiumand rare earth production,
respectively. Little is known about the distributionof nephelinein
the complex but it may be an economicresource. Thorium is considered
a resourceof the future.

4_Lat,-...“:4U?
The complex has a history of mining for columbium,apatite,magnetite, ' -tt-
and calcite,and researchinvestigationsfor rare earths,yttrium and
thorium. This data will need to be reviewedand compiled. All
of the potentiallyinterestingelementsand mineralsare restrictedto
geologicunits and it is imperativethat these units be geologically
mapped in detail. This is hamperedby the fact that over 607.of the
complex is coveredby glacialoverburden. Therefore,a detailed
interpretationof existingmagneticand gravitydata is required.

- Existing core shouldbe reloggedpayingparticularattentionto the
petrology,mineral assemblage,and structuresin areas of mineral
enrichment. Assay data from all samplesshouldbe evaluatedand
check assayingshouldbe consideredfor data confidence. There is
virtually no informationabout the complcxbelow 150m. Drillingwill
be requiredafter existingdata is fully evaluated.



INTRODUCTION

During the period November 27 throughDecember14, 1978, Geyza I.

Lorinczi and John 0. LandrethvisitedNorway to examine data on

certain Norwegianmineral occurrences
submittedto Union Mineralsby

A/S MEGON and AktieselskabetSydvarangeras possible jointventure

properties.

Lorinczi is reportingseparatelyon his area of investigationin a

report entitled"Reviewof the explorationprogram conductedby A/S

Sydvarangerin the Karasjokarea of Finnmark,Norway".

The evaluationby Landrethis concernedwith the mineral potentialof

the Fen alkalinecomplcxat Ulefoss,Norway. The Fen camplexhas a

rather interestingmining historywhich includesnearly 300 years of

iron mining, a shortperiod (1952-1965)when niobium, apatite,

calcite and magnetitewas mined and potentialfor furthermining of

these ores as well as for nepheline,rare earth minerals and
thorium.

All of these occurrenceslie within an oval-shapedstructureabout

2.3km by 3.0km.

The initialcontactabout the Fen complexwas made with MEGON

(MetalExtractorGroup),a consortiumof companiesproducinghigh-

grade yttrium oxide from xenotime concentratespurchased f
ram

Malaysia. MEGON had becn formed from various companiespartici
pating

in a rare earth researchgroup,Forskningsgrup
pefor SjeldneJordarter

(FSJ). The FSJ, during its investigationsof rare earth propertiesin

Norway had obtainedpreminingconcessionson part of the Fen complex,

and carriedout a moderate investigationof the rare earthsby drill-

ing and with mineralogicstudies.

As preminingconcessionsin the area are controlledby the FSJ (not 

MEGON) and S. D. Cappelen,a meeting was held in December1978

consistingof the FSJ membershipto decidewhat companieswould

participatein a possible jointvcnturewith Union Minerals. A

tenntive agreementwas reachedwhereby the followingfour companies

would participatein the jointventure:

A/S Sydvaranger

Elkem - Spigerverket

A/S grdal og SunndalVerk

S. D. Cappelen

Personnel from thrce companiesMEGON,
Sydvaranger,and Elkem-Spigerverket

provided assistancein data collectionfor the evaluation. In

addition conferenceswere held with personnelin the mining commission-

er's office (østlandske-Bergmester-Embede)and the Norwegian

Geological Survey,Norges GeologiskeU
nders‘kelse(NGU). About two

hours was spent at the Fen complex to see the "lay of the land"but

no geologicalwork was done as the area was snow covered.

1



LOCATION AND ACCESS

The Fen alkalinecomplexlies about 110km southwestof Oslo at the

town of Ulefoss,in TelemarkCounty,Norway (Figure1). The complex

is bordered on the north by lake Norsjs6that provides a connection

with the sea by a river systemof lockswhich can take ships up to

200 - 300 tons. The distanceby water to the port of Skien is about

24 km.

MINERAL OUNERSHIPAND CONCESSIONS

All mineral rights to the land in the Ulefossarea are vested with the

Norwegian government. The Fen alkalinecomplex is roughly 40 per cent

covered by preminingmineral concessions(Figure2). The two claim

holders are: S. D. Cappelen - 5 concessions(1,265,000m2)and

Forskningsgruppefor Sjeldne Jordarter(FSJ)- 4 concessions

(1,075,000m2). The 1974 mining law allows a Norwegiancitizenor

company to hold preminingmineral concessionsfor a period of seven

years with a possibleextensionof threeyears before mining production

plans are submittedto the government. The above concessionswere

obtained in 1974 and are due to expire in 1981.

In discussionswith the MEGON group, it was pointed out that Union

Mineral's possiblefuture interestwould be to evaluate the entire

Fen alkalinecomplex,not just a part of it. They agreed that

additionalconcessionscould easilybe obtainedand shouldbe immedi-

ately obtainedby someonein the newly formed rare earth group,

probably in the name of S. D. Cappelen. It would be necessaryto

obtain approximately12 additional300,000m2concessionsto cover the

remainderof the complex. Apparentlythere is no annual work

commitmentfor the preminingconcessions,only a nominal tax.

While at the Bergmester'soffice in Oslo, the officialmineral records

were checkedand no adverse claimantswere found in the area. However,

11,
until 1974 a differentmining law was in effect. That law requireda


point of discovery,either above groundor underground. Apparently

extralateralrights did apply on those claims. Althoughclaimants

were requiredto obtain the new mineral concessionsin 1974,no one

was quite sure what grandfatherrightsmight apply. Therefore,the

old mining recordswere also checked. About 60 old claimswere

found in the Fen alkalinecomplex,ranging in time from 1902-1969.

These claims are completelycoveredby the 1974 concessions.

Happily the old claimswere in the names of S. D. Cappelen (about20)

and Rerske Bergverk(about40). Norsk Bergverk,a governmentcompany,

is snid to have turnedback its claims followingthe closure of the

niobium mines.

1• •
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GEOGRAPHY

The topographyof the Fen area consistsof rollinghills of moderate

relief (t160m). Most of the area is coveredby glacialclay and

gravels wbich have been cultivatedand used for farmingpurposes.

The town of Ulefossis expandingand subdivisionsare being developed

within the complex. The infra-redphoto (Figure3) displaysthe

cultural developmentof the Fen complex. Areas where the land is

intensilyutilizedwill be difficultfor certain types of exploration

and mining activity. Agriculturalland is at a premium in Norway

and could presentadditionalproblems.

PREVIOUS rNVESTIGATIONS

The gencral geologyand petrographyof the Fen alkalinecomplexhas

albeen well documentedby the classicworks of Brhger (1921)who promoted

the idea ef carbonatitesbeing derived from a magmaticorigin and by

Saether (1957). Other works on the generalgeologyof the Fen include

BergstM. and Svinndal(1960),Barth and Ramberg (1966)and Heinrich

(1966). The petrographyof the columbiumoccurrenceswas studiedand

discussed by Aubert (1947),Adamson (1950)and Bjorlykke (1952,

1952a, 1953). Griffinand Taylor (1975)studiedthe petrologyof the

damtjerniteand Jenningsand Mitchell (1969)investigatedthe

temperatureof intrusionat Fen. Mineralogicalstudieswere con-

ducted on the rare earth bearing rocks by Hazen Research,Inc. (1971)

and by Semb (1972). Geophysicalinvestigationsincludea magnetic

survey conductedby GeofysiskMalmletingin 1948-1949 (Plate2) and

a gravity surveyby Ramberg (1973). Geochemicalstudiesinclude

investigationson scandiumby Mitchelland Brunfelt (1974),Lnli (1977)

aad on rare carth, cobalt,and iron by Mitchell and Brunfelt (1974,

1975). In addition,the Germans did considerableresearchwork on the

columbium occurrencesin the complexduringWorld War II. A/S Norsk

Bergverk, prior to and duringmining of the columbiumore was responsible

for the significantdevelopmentand explorationwork in the Fen complex.

During the late 1960's and early 1970's the FSJ initiatedthe

explorationand mineralogicalstudiesin the rare earths area. These

works arc largelydocumentedin Svinndal's(1967,1968, 1970) reports.

In 1973 Svinndaldocumentedwork done on thorium in the area.

It should be noted that all of the referencesin this report are in the

possessionof the writer with the exceptionof Br4ger's (1921)report.

These will be made availableupon request.

AVAILABILITYOF SAMPLESAND DATA

While in Norway, the writer attemptedto inventorythe existanceand

availabilityof samplesand informationfrom the Fen complex. All

reports, correspondance,and maps dealingwith the mining of columbium

by Norsk Bergverkare stored in the østlandskeBergmester-EmbedeOffice
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in Oslo and are availablefor inspection. This includesassays,
drill logs,mine plans and sections. All reportsdealingwith rare
earth researchin the Fen complexare availahlefor inspectionat the
MEGON office in Oslo. This data includesassay data, mineralogical
studies, and work on beneficiation. Reportsby the NGU on rare
earths and thoriumare availableat A/S Sydvaranger'sLysakeroffice
in Oslo, as well as data on columbiumfrom the Fen camplex.

All of the availablecores and other samples are stored at the NGU in
Trondheim. Apparentlytherewas originallyabout 35,000meters of
drill core associatedwith A/S Norsk Bergverk'smining of columbium,
however, much of it was discardedafter the closing of the mine.
Svinndalwas able to retrive some of it though and about 4-5000mof
that core is randomlystored in a warehouseat the NGU. It was
establishedthatmost of the cores from the rare earth area, the
Tufte arca and the Capplendeposit are intact. Representativesamples
from splitsof the cores and surfacerock samplesare stored at the
NGU chemicallaboratory. All of these samplesare availablefor
further testing.
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GEOLOGY

The followinggcologicaldescriptionof the Fen alkalinecamplex
relies heavilyon Saether's(1957)report. Plate I shows the geology
on a base map preparedby Svinndal (1968)which has been modifiedto
includemore geologicdetail as describedby Saether (1957). It is
fortunatethat Saetherso thoroughlydocumentedBrdgger's(1921)work
as the laterwas written in Norwegian.

The Fen alkalinecomplex is consideredas the "type locality"of
carbonatitesas it was here that Br4ger first recognizedthat
carbonatitescould be of magnetic origin. Brhger throughlydescribed
the associatedalkalinerocks naming them after mnall farms and other
localitieseitherwithin or near the Fen alkalinecomplex.

PRECAMBRIANCOUNTRYROCKS

The countryrock in the Fen area is predominentlycomposedof medium-
grained gneissicgranitewith interbeddedunits of mica schist,
amphiboliteand mica-richgneiss. The rock has a strong foliation
marked by a parallelorientationof biotitewhich uniformlystrikes
NE - NNE and dips 70-90°SE.

Near the boundnriesof the alkalinecomplexthe gneisseshave been
stronglybrecciated. In this "thermalshock zone", the brecciahas
been locally fenitized.

FENITE AND FENITIZATION

The Fen area is the type localityfor fenite and fenitization. It
was first recognizedby Brhger (1921)as an alkalimetasomatismof
the countryrocks. During this processNa20, K20, A1202, CaO, CO2,
and small quantitiesof Ba0, P205 and otherminor constituentswere
added to the countryrocks while Si02 was being removed. The.process

is called fenitizationand when it is completethe resultingrock is
called a fenite.

At Fen, fenitizationis found peripheralto the complex in the granite
gneiss and the "shock zone" gneissicbreccia. The effectsof feniti-
zation extend up to a few hundredsof meters out into the countryrock.
As one moves from the unalteredcountryrock into the alkalinecomplex,
aegirine and sodicamphiboleformedat the expenseof biotiteand
amphibole,potash feldspnrswere changed to microperthite,oligoclase
bccame nIbite and calcite,and quartz and plagioclaseformed alkali
feldsparswith excess 8i02 being totallyremovcd. The complete
fenitizationprocessresultedin an alkali syeniteconsistingof
microperthiteand aegirinewith minor amounts (usually<1%) of soda
amphibole,apatite,titanite,zircon,pyrite and magnetite. Calcite
can occur in amountsup to severalpercent. The resultingrock is
massive and has removedall evidenceof foliation.

8
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A thin band (100-400m) of fenite rock is found surrounding the complex
(see Plate 1) except on the east, where faulting has placed carbona-
tized basic alkaline rocks against the gneissic granite rocks.

IJOLITE-MELTEIGITE-URTITE-VIPETOITE AND OTHER BASIC SILICATE ROCKS

Along the border zones between fenite and the carbonate rocks are a
series of basic silicate rocks. In the southern and southwestern part
of the complex, the rocks belong to the ijolite-melteigite-urtite series.
These rocks have the same mineral composition, mainly aegirine-augite
and nepheline in varying amounts with small quantities of apatite,
calcite, titanitc, melanite, koppite and columbite. The content of
nepheline deter-ines the rock name in this series: urtite - 70-907.
nepheline, ijolite - about 507. nepheline, and melteigite - up to 30%
nepheline. Ijolite and melteigite are the dominant alkaline rocks
which arc cut by small pegmatitic urtite dikes in an area southwest
of Melteig.

Vipetoite is exposed in the south-central part of the complex. The
coarse-grained rock consists of pyroxene, amphibole, biotite and minor
amounts of calcite, apatite, magnetite and pyrite. The vipetoite is
strongly carbonatized and appears to be a roof pendant in s‘vite and
rauhaugite type I rocks.

Other basic silicate rocks are found along the western and northern
borders of the complex but are strongly carbonatized transitional rocks
largely transformed into biotite-calcite and feldspar-biotite-calcite
rocks.

SØVITE 


Closely associated with the foidal rocks are the sgSvitic melteigite
and pyroxine seSvite. These rocks are not only spacially associated
with the basic silicate rocks but carry a similar mineral assemblage
only the content of calcite has varied.

The main sqSvite body lies in the west-central part of the complex
near the Tufte farm. The body is made up of a number of arcuate
dike-like bodies (cone sheets) that are intimately mixed with alkaline
rocks on the west and dolomitic and ankeritic rocks near the center of
the complex. The s‘vites dip steeply toward the center of the complex
and are primarily calcite with 5-107 apatite, small amounts of magnetite,
biotite, pyrite, pyroxene and other dark minerals including the colum-
bium minerals koppite and columbite. Although the average content of
mined sqSvite in the Tufte area was 0.257. Cb205, values over 1.0% Cb205
have been reported.

Other schrites, which the writer believes may be transgressive dikes
similar to those found at Palaborn in South Africa, are found near the
northern and southern borders of the complcx. These dikes have a

p..d.remnPr.^-
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differentmineralogicaldistributionbut some are enrichedin columbium

minerals, viz. Cappelendike and Hydro dike. These dikes are not

arcuate but cut the fenite in E-W and NE-SW directionsrespectively.

Little is known about the sdvites southof the complexborder near
Damtjern.

RAUHAUGITETYPE I

Intimatelyassociatedwith the sdvite in the center of thecomplex
is an ankeriticrock (beforesite)called rauhaugitetype I by Saether

(1957). This rock also has formed cone sheets alternatingwith the

sdvite in the Tufte area. The rock consistsmainly of ankeriteand

varying amountsof calcite,0-25%; apatite,2-10% and accessory

microcline,albite,quartz,barite,magnetite,pyrite,biotite,
chlorite,hematite,fluoriteand columbite. In the Tufte area the

rauhaugitewas the main columbiumore rock. It generallycontained

0.3-0.5%Cb205 and about 3-5% P205.

DAMTJERNITE


According to Saether (1957),the intrusionof damtjerniticrocks

began the secondcycle of alkalineintrusions. These rocks are found

only in the easternhalf of the complex. In the centralpart of the

complex only alteredxenolithsand roof pendantsseem to remainwhereas
dikes and pipe-likebodies are foundnear the complexborders and

outside of the complexas far away as 50km.

The damtjerniterocks consistof biotite,amphibolite,pyroxene,and
olivine in a matrix of the same mineralswith additionalnepheline,

microcline,albite,and calcite. Some diatremesand brecciasare

filled with damtjerniticmaterial and by xenolithsof gneiss,fenite,
rocks of the ijolite-melteigiteseries,sdviteand rauhaugitetype I.

Sdvite fragmentswere never found in damjternitebrecciasoutsideof the

complex (Bergstd1,personalcommunication).

Saether (1957)referredto the rocks as kimberlitesas did many other

writers, however,Griffin and Taylor (1975)sny that the damtjernite

rocks bear no chemicalsimilarityto kimberlitesbut are similarin

chemical compositionto alnöites.

Saether (1957)and lnter Ramberg (1973)feel that much of the damtjernite

has been affectedsufficientlywith widespreadcarbonatizationthat

locally it has been convertedto carbonatite- both rauhaugitetype II
and rddberg.

RAUHAUGITETYPE II

Saether'srauhaugitetype II forms a large irregularmass of ankeritic

carbonatitein the easternhalf of the Fen complex. The rock is similar

to rauhaugitctypc I but type II containsabout twice as much Mh and Fe,

10
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and there is no visible flow structure. It is within this unit that

rare earth values are found to be anomalouslyhigh but the columbium

content is much lower than in rauhaugitetype I. As roof pendantsof

damtjerniteare found to have gradationalcontactswith the rauhaugite

type II rocks, Saether (1957)believesthe carbonatitehas been

formed by metasomatismof the damtjernite.

RØDBERG


This carbonatiterock unit is locatedon the easternmargin of the

complex. It is mostly calciticin compositionand receivesit's

name "red rock" from finelydispersedhematiteas poikiliticinclusions

in the carbonatecrystals,as well as between grains. Locally the

hematite is concentratedalong NW-SE strikingfissuressufficiently

to have been exploitedas iron ore. In additionto calciteand

hematite, the rock containsminor ankerite,chlorite,barite, quartz,

albite, brucite,pyrite,biotite,and magnetite. Bodies of damtjernite

are also foundwithin rSdbergand are carbonatizedgrading into the

hematiticcarbonatite.

This unit is anomalouslyhigh in rare earths and thorium,largelydue

to the monazite contentof the rock.

EVENTS YOUNGER THAN THE RØDBERG

Small veins of chlorite-richmaterialcut the rddberg and hematite

orebodies in the easternpart of the complex. They have been called

"latten dikes" by the miners of the area but they do not appear to have

any relationshipto the alkalinerocks.

Several diabasedikes are found throughoutthe complex. These rocks

cut throughall of the complexrocks but accordingto BrSgger (1921)

and Saether (1957),they are associatedwith the igneousrocks of the

Oslo region and have no associationwith the alkalinerocks of the

complex.

Faulting has been treatedby Saether (1957)but except locally,little

is known about the extent of adjustment,that normallyoccurs in

alkaline complexes,because of the amountof glacial cover. Perhapsa 

detailed evaluationof the ma netics will shed some li ht on the

structureof the area.

11
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GEOPHYSICS

At least four typesof geophysicshave been utilizedin the Fen area.

These includeregionaland detailedgravitymeasurements,airborne

and groundmagnetics,a resistivitysurvey,and ground and bore hole

radiometrics.

GRAVITY SURVEYS

Ramberg (1973)made a rather completeregionalgravity surveyof the

Fen region and a more detailedstudy of the complex itself. The

regional study showeda sharp and almost circulargravityhigh above

the Fen complex. After removingthe regionalfield a residual

anomaly map of the Fen area was constructed(Figure4). Note the

nearly circulargravityhigh that is coincidentalwith the Fen complex;

also that the complexappears to be borderedon the northeastby lake

Nors.W. As some of the sqSvitedikes cuttingthe fenite in that area

extend under the lake, it was of concern that more of the complex

might occur under the lake. This would appear to be minimal.

Ramberg'sdetailedwork was directedat modeling the complexat depth

and providesthoughtprovokingtheoriesof petrogenesis.

MAGNETIC SURVEYS

The NGU has compiledaeromagneticdata for most of the country. Figure

5 shows the aeromagneticsof the Fen region. Only three flight,lines

crossed the complexbut the magneticanomaly (high)is quite pronounced.

In 19484949, GeofysiskMalmletingconducteda ground magneticsurvey

over the Fen alkalinecomplex and the surroundingregion to extend

geologicmapping into areas coveredby overburden. Saether (1957)

utilized this data and shows a generalizedmagneticmap in his report.

A copy of the originalmagneticmap was obtainedfrom the NGU (see•	 Plate 2). This writer has colored selectedintervalsto enhance


various levelsof magnetism. The originalsurveywas conductedon a

25m X 100m grid over most of the complexmeasuringthe vertical

magnetic intensity. Saether (1957)brieflytreats the relationship

between the geologyand magnetism. The Eocambriangneissesand the

fenite are magneticallylow comparedto the other alkalinerocks of

the complex. The low on the northernborder of the complex,along

lake Vorsjd indicatesa closureof the complex supportingthe gravity

data. The data was reviewedby and discussedwith R. Ellis (MENEX),

and althougha part of the map was not contoured,the informationand

contrast seem to be adequate. It appears that little would be gained

from anothermagneticsurvey and would be difficultbecauseof the

works of man in the area (Figure3). However,Ellis expresseda

desire to obtain the raw data for review. Ma netic susce tibilit

measurementsshouldbe made in the field at Fen and on the drill core

for a better interretationof the geologyand for modelingpurposes.
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RESISTIVITYSURVEY

A resistivitysurveywas conductedfor A/S Norsk Bergverk to determine

the depth of overburdenin the Tufte area. The clay and gravelcover

were usually 2-10mdeep but in the NW part of the Tufte area the

overburdenreacheddepths of 20-30m.

RADIOMETRICSURVEYS

Svinndal (1970)shows that both bore holes 8-1 and 8-2 were logged

radiometrically. The holes were drilledin reklbergand rauhaugite

type II in the Bolladalienarea. The radiometricdata was very

erratic but showedvalues two to three timesbackground. That report

also showedautoradiographs(gamma-rayscans)of ra5dbergcore indicat-

ing that the radioactivemineralmonazitewas not disseminatedin the

rock but found concentratedin fracturesand blebs.

In 1968 a small radiometricsurveywas conductedin the Rauhaugarea.

Svinndal's1973 report shows an area about 100m in diameter,about

where the word Rauhaugappearson the geologicmap (Plate1), contain-

ing greaterthan 1000ppmTh. The anomalousarea is in rauhaugitetype

II rock adjacentto the Sdberg and is probablydue to the presenceof

monazite.

The writer would not recommend any further round radiometricsurve s

in the com lex as more than 60% of the area is coveredwith trans orted

overburdenmaterial.

15
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ECONOMICGEOLOGY

The followingelementsand mineralshave been producedfrom the Fen

complex or have been consideredto be in sufficientquantitiesto be

considereda futureresource.

COLUMBIUM

The rocks of the Fen complexare geochemicallyenrichedin columbium

in amountsrangingfrom 0.05-0.3% Cb205. Columbiummineralswere

first recognizedin 1918 near the shoreof lake NorsjS and consider-

able mineralogicalwork has been carriedout on the columbiumminerals

of the area. The main occurrencesof columbiumare in the northern

part of the complexnear lake Norsj where NE-SW and E-W sithritebodies,

enriched in columbium,cut throughfeniterock. The two main occur-

rences in this area are the Hydro and Cappelendeposits. Numerous

smaller dikes of a similarnature are also found in the area. The

other main occurrenceis near the Tufte farm near the center of the

complex.

The northerndike-likebodies are very similarin nature. They con-

tain the mineralskoppite and columbitein nearly equal amounts.

These columbiumbearing s6vitedikes containthe highest grade ore

near theirmargins and when the dikes widen more than 30m, the cores

of the sSvite dikesare nearly barren.

In the Tufte area the mineralogyis differentand nearly all of the

columbium is containedin columbite. The ore rocks in this area are

alternatingbands of sSvite and dolomiticrauhaugitetype I.

Norsk Bergverkbeganmining columbiumin the Fen complex in 1952 pro-

ducing 130,000tof ore per year - 100,000tfrom the Cappelenand

30,000t from the Tufte deposits. The columbiumconcentrateswere sold

to the Americangovernment,byproductphosph
atefrom apatitewas sold

411P
to Norsk Hydro for fertilizer,byproductmagnetitewas sold tå Poland,


and residualcalcitewas sold for agriculturalpurposes. Miningwas

terminatedin 1965 when the Americangovernmentcontractexpired.
The

operationwas unable to competewith the rich columbiumores from

Araxå, Brazil.

The threemain columbiumdepositsof Fen are treatedindividually

below:

CappelenDeposit. The Cappelenoccurrenceis an irregularsSvitedike

that trendsE-W and dips about 60°S. The dike, locatedon the lake-

shore in the northernpart of the complex,was faulteddown on the

east. The faultedextensionwas picked up again undergroundand was

called the "New CappelenDike". The body was mined for a short dis-

tance under lake NorsjqSbut was terminateddue to a weakeningof

grade as the dike widened.

• •••.",
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The CappelensSviteconsistsof about 80% coarse-grained(2-4mm)

anhedral calcitc,3-7% medium-grained(1-2mm)euhedral
but corroded

prisms of apatite,3% magnetite,1% pyrite,0.7% koppite and

columbite,and small amountsof amphibole,mica, barite, topaz,

corundum, zircon,and rutile. The magnetiteand koppite occur as

crystals up to 5mm across. There is no megascopicflow texture.

During the period 1952-1965approximately1,000,000tof ore was

mined from the Cappelendepositat an average grade of 0.34% Cb205.

The columbiummineralsare koppite and columbite,in about equal

amounts, and like the Hydro depositwhen the suivitedike widens more

than 30m the centralpart of the dike becomesnearly barren.

According to the formerNorsk Bergverkmine manager at Fen,

T. Johnsen, (personalcommunication)about 1 million tons of 0.3 -

0.4% Cb205 ore remains.

The Cappelendeposit is structurallycomplexand a detailedreviewof

the mine recordsand detailedstudy of the core is necessar to

further evaluatethis area.

Hydro Deposit. This occurrenceconsistsof a tabular igneousin-

trusion of sSvitecuttingthrough feniterock. The body is located

on the north cdge of the Fen complexwhere it strikesaboutN55°E and

dips from 50-75° to the southeast. This dike-likebody is exposedon

the surface from lake NorsjS in a southwesterlydirectionfor about

550 meters where it peters out. The dike also undoubtedlyextends

under the lake. It has been exploredby 15 surface trenchesand more

than 25 diamonddrill holes. The width of the sSvite dike averages

25.5m at the surfacebut widens with depth so that at 50m below the

surface the dike has widened about 357.. This marked increaseof

orc width, with depth, forms a basis for assumingthat the orebody

should continucto a considerabledepth. Two verticaldrill holes

did penctratethe sSviteat depths of 235m and 280m below the surface.

In additionthe core samplesare generallya little richer than

surface samples.

"The sdvitedike is fairlyhomogeneousand consistsof about 90%

medium-grained(0.5-1.01m)anhedralcalcite,57.euhedr
alapatite,and

minor amountsof euhedralmagnetite,biotite,pyrite,pyroxene,and

other dark mineralsincludingkoppite and columbite. The koppite

and columbiteappearto be in equal amountswith crystal sizesup to

5mm. Streaksof non-carbonateminerals imparta weak flow textureto

the rock.

In the Hydro deposit,columbiummineralsare enrichedin the outer

portion of the body. When the dike is more than 30m wide the core is

nearly pure carbonate.

17
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In 1952 Bjorlykkereportedmeasured reservesof about 1,000,000tat
0.1777.Cb205. However,indicatedreservesto about 100m below the
surfacewere given at nearly 2 million tons and inferredreservesat
5 million tons.

Only a minor amountof rock was mined from the Hydro quarry and from
the Tufte adit (Tuftestollen)when it passed through this sdvitedike.
The body was too low-gradeto be mined economicallyat the time.

Tufte Deposit. The Tufte occurrencelies near the center of the
complex. The depositconsistsof interlayeredbands of s‘viteand
rauhaugitetype I rocks. lhese bands lie in a north-southdirection,
dip steeplyto the east, and are borderedby rocks of a similar
compositionexceptwith less columbium. The Tufte deposit is exposed
by 6 trenchesand many surfaceand subsurfacedrill holes. Two veins
(bands)were mined in the area - Tufte I vein and Tufte II vein. The

11/ '15m wide. A secondparallelvein, Tufte II vein, lying east of the
Tufte I vein strikesabout N150W, dips nearly verticaland is about

Tufte I is 10m wide. Both veins are petrographicallythe same and
have the same columbiumcontent. East-westdrillingshow continuous
alternatingbands of sdviteand dolomitein a ratio of about 1 to 3.

The rock types at the Tufte depositare sdvite,a biotite-calcite
rock or chlorite-calciterock called "greenstone",and rauhaugite
type I. These rocks form an intimateintermixtureforminga
"schlieren". In some places large, fairlyhomogeneousmasses of
sdvite have formed,in other places similarmasses of rauhaugite
type I have formed. The rauhaugitetype I containsthe highest
columbiumcontent in the area, ranging from 0.3 - 1.0% Cb205. The
sdvite and "greenstone"generallyhave a content less than 0.17.
Cb205, except for the largehomogeneousmass of sdvite in the Tufte
quarry that containsup to 1.07.Cb205. Although zones 10-30mwide
have formed in the rauhaugitetype I containingup to 1.17.Cb205, it

is difficultto mine them without considerablecontaminationfrom
surroundingrocks of lower grade. The higher grades seem to ba in
N-S brecciatedzones.•
During Norsk Bergverk's1952-1965columbiummining, about 300,000t
of ore was mined from the Tufte area by room and pillar methods. The
ore was hauled about 900m along a horizontaladit (Tuftestollen)
north to a road along lake Norsjd near the Cappelendepositwhere it
was processed. While driving this adit, a 1-2m radioactivezone was
encountered,in the area of Ts-7, containingthe mineral ellsworthite.
This is the only area reportedto containuranium in the complex.
Bjorlykke (1952)reportedthat scheelitehad been detectedin some of
the ore samplesfrom the Tufte deposit.

From data reportedby Bjorlykke(1953)the probablereservesof this
area would be in excess of 4,000,000tat a grade of about 0.257.Cb205.

18



Considerabledata is availableabout this depositand it deservesa

detailed study as well as reloggingselecteddrill core before an

additionaldrillingwculd be recommendedin this area.

ColumbiumEconomicCom arison. As a comparisonwith other columbium

producers, the followingdata is given:

Property Location Grade-%Cb205 Type Mine Ore Mineral

Araxfi Brazil 3.00 Open Pit Pyrochlore

Catalici Brazil 2.00 Open Pit Pyrochlore

Niobec Canada 0.72 Underground Pyrochlore

Oka Canada 0.45 Underground Pyrochlore

Fen Norway 0.30 Underground Columbite/Koppite

As an estimateof the economicgrade requiredfor production,the

St. LawrenceColumbiummine at Oka, Quebec,Canadawas closedby

economic conditionswhile it was producingore at a-grade of 0.457.

Cb205' On the other hand a relativelynew mine (Niobec)at Chicoutimi,

Quebec, Canada is profitablyproducingcolumbiumores at a gradeof

0.72% Cb205. It a ears that one must look for a rade of at least

0.6% Cb205.

IRON

According to Saether (1957)about one million tons of hematiteore was

mined from the northeasternpart of the Fen complexduring the period

1652-1927. This ore was mainly exploitedas raw matcrial for the

Ulefoss ironworks. Nowever,the company stoppedproducingiron from

the ore and now importspig iron to producecastings,largely for coal

and wood stoves.

The main undergroundworkingsare locatednear the shorc of lake Norsj‘

at Fensgruvene. The workingsfollowednorth-southstrikingveins and

lenses that filled fis3uresin the r&lberg. The hematite zones are

11,	
from 3-8m wide, discontinuous(rarelyover 100m in length),and were


mined to a depth of 200m below the surface. Minor quantitiesof

hematite ore were also obtainedfrom pits in the southeasternpart of
the complex in the Vipeto and Rauhaugareas. •

The ores containabout 70% fine-grainedhematite,1-27.Mn0 and minor

amounts of magnetite,pyritc,calcitc,chlorite,quartz, apatite,

brucite, and thoriumand rare earth minerals. It has been reported

that the ores containup to 1.07 REO's and 0.27.thorium. Althoughits

estimated that at least another 1,000,000tons of hematiteore remains,

its doubtfulthat this materialwill be mined unless for its rare

earth and/or thoriumcontent.
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Relative to other carbonatites,the Fen complex rocks are low in

magnetite. However,some smallmagnetitébodies were exploitedin

the Rauhaugarea. The workingsare inaccessiblebut as the ground

magnetics show only small anomalies,it appears the depositshave

been worked out.

Arather largemagneticanomally (about0.25km dia.) is found hnmedi-

ately south of Skippervoll. Followingthe magnetic survey, the area

was found to containlumps and veins (up to a few cm.) of magnetitein

rauhaugite. There is a paucity of outcropsin the area but the

magnetite is fine-grainedand nearlywithout impurities. Littlemore

is known about the area but the magnetitereservehas been estimated

at.some hundred thousandtons.

During 1952-65,A/S Norsk Bergverkconcentratedmagnetitefrom the

columbiumores of the Cappelenand Tufte deposits. As the contentof

111	
the ores was only 37.magnetite,only about 3000 - 4000 tons was


developed annually. This magnetitewas shippedto Poland.

NEPHELTNE

Little is known about the nephelinepotentialin the Fen area. How-

ever three rock types have been reportedby Saether (1957)to have

significantquantiticsof the mincral: urtite, 70-907.;ijolite,50%

and melteigite,30% nepheline. These rocks form a series intimately

related to cach other and are mainly located in the dtvet - Melteig

area. Unfortunately,in most of theserocks, the nephelinehas been

altered to aggregatesof albite,muscoviteand chlorite. Unaltered

melteigite and ijolite,cut with smallpegmatitedikes of urtite, are

found in the tongue-shapedbody lying southwestof Melteig. This area

presentlyoffers the only potentialfor nepheline (see Plate 3).

Even thou h the area of ne heline bearin rocks is uite limited,


further petrographicwork shouldbe done in the Meltei area to

determine the actualne heline otentialin theserocks. Elkem

Spigerverket,which currentlymines 307vnepheline-bearingalkaline

rock at Stjernciy,has shown an interestin the nephelinepotentialof

the Fen camplex.

PHOSPHATE

Productionof phosphatcrock from the Fen area was begun in 1943.

About 2000t of svSvitewas mined from the Tufte quarry,ground to rock

flour, and sold as a fertilizer(Adamson,1950).

When A/S Norske Bergverkbegan mining niobium from the complex in

1952, apatitewas concentratedas a byproduct,acid treated and sold

as phosphatefertilizer. Up to the time the mine closed in 1965,

approximately100,000tof apatitewas producedfrom the niobium ore

that avcraged77 apatite.
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The followinganalyticaldata shows the distributionof apatite in the

Fen complexrocks (Saether,1957):

Rock Type % Apatite Rock Type % Apatite

Fenite 1- 2 Sdvite (Hydrodeposit) 7

Melteigite 1- 3 Sdvite (Cappelendeposit) 7

Ijolite 1- 2 Sdvite (Tuftedeposit) 10

Vipetoite 7-12 Sdvite (general) 1- 7

Damtjernite 2 PyroxeneSdvite 1- 3

RauhaugiteTypc I 2-10 SdviticMelteigite 2

RauhaugiteTypc II 2 Gneiss 1

Rddberg 1- 3




As can readilybe seen,within the complex,only the sdvites,

rauhaugitetype I, and vipetoitehave sufficientquantitiesof apatite

to have a potentialphosphatedeposit. The sdvitesand rauhaugite

type I containapatiteprisms rangingfrom 0.1 - 1.0mm long. At the

Tufte deposit the sSvitemay containup to 20% apatite and even 60%

apatite in certain "schlieren". Althoughsamplingin the vipetoite

is limited,some analysesshow up to 20% apatite. Another favorable

characteristicof vipetoiteis that it is a course-grainedrock,

having prisms of apatite 5-20mm in length.

There is considerableassa data availablefromtheunderground 

workin $ at the H dro Ca elen and Tufte de osits that hou d be

com iled and correlatedwith a detailedstud of drill core.

As a comparisonto a known operatingphosphatemine, unweathered

carbonatitecontainingan averageof only 5% P205 (12% apatite)is

currentlybeing mined from the Jacupirangamine near Saa Paulo, Brazil.

The apatite is concentratedby flotationto yield 367.P205.

It is anticipatedthat world-wideconsumptionof phosphatewill increase

11,
31/2times by the year 2000, and coupledwith advancedbeneficiation,


lower gradesof phosphaterock will be mined.

RARE EARTHS

A considerableamount of work was done by the Forskningsgruppefor

Sjeldne Jordarter(FSJ)during the period 1967-1970. They cored 510m

of rock in the Bolladallenand Vegskjacringarcas with bore holes F-1,

F-2, and F-3 but most of their investigationwas directedat processing

and mineralogicalstudies. In addition,samples from bore holes 8-1,

8-2, Ts-7, T-9, T-11, T-13, T-14, T-16, T-18, T-21, and T-23 were also

made availableto them. These drill hole analysesand analysesfrom

surface samplesare given in the Appendixand have generallydelimited

the area of REE potentialshown in Plate 3.
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Rare earth enrichmentis confinedto two rock types - rgSdbergand

rauhaugitetype II. Bcdrockis exposed in only about 20% of the area

and one must rely heavilyon the few outcropsand shallowdrilling

information. The known rare earth enrichmentdoes appear to corre-

spond to a largemagnetichigh (SeeFigure 2) about 1.5km by 1km.

Rare earth mineralogyvarieswithin the REE potentialarea. Accord-

ing to Svinndal (1970)three types of rare earth ores exist:


 Vegskjaering- 31/2%RE minerals (parisite& synchisite)


 Bolladalen - 3% RE minerals (parisite& synchisite)


 Hematite - 570RE minerals

synchisite)

(monazite,parisite&

The Vegskjaeringtype of ore occurs in the rauhaugitetype II rock

between Skippervolland Bolladalen,and includesthe area drilledby

holes F-1 and F-2. Mineralogicaland beneficiationstudieswere

conducted on bore hole F-2 by Hazen Research,Inc. (1971)and by

Semb (1971). Hazen reportedbastnaesite,parisite,monazite an
d

synchisiteoccurringin the bore hole. The rare earth mineralsare

very finc-grainedand badly locked giving a poor recovery. Semb

indicated the main rare earth elementswere synchisite(probablya

mixturc of the bastnaesitegroupmineralsbastnaesite,parisite
and

synchisite)with subordinateorthite,in a ratio of about 5 to 1.

Svinndal (1970)noted that 50-707.of the bastnaesitemineralswere

greater than 43 microns in size.

The Bolladalentype of ore occurs in a mixture of rauhaugitetype II

and reWberg. It has been drilledby bore holes 3-1, 8-2 and F-3.

According to Svinndal (1970),70-90% of the bastnaesitemineralsare

greater than 43 microns in size.

The hematitetype of ore occurs in the rcSdbergof the Gruvasen area

wherc hematite zoneshave formed along N-S strikingfractures. Thorium

and rare carthshave been enrichedin these zones due to the introduc-

tion of the rare earth mineralmonazite. Some beneficiationwas

tried on this materialbut without successas the monazite is about

1 micron in size.

The averagevalues for the three rare earth areas and calculated

averages for drill holes in the area are as follows:

La% 	 Ce% Pr% Nd% Sm% Eu% Gd%,SamPlc
py% REO%

Vegskjacring0.30 0.65 0.08 0.18 0.031 0.0071 0.007 0.007 1.48

Bolladallen 0.22 0.69 0.09 0.29 0.046 0.0086 0.006 0.011 1.59

Hematite 0.48 0.98 0.20 0.57 0.106 0.0130 0.006 0.027 2.78

8-1 0.22 0.66 N.A.* N.A. 0.028 0.0052 0.033 N.A. =1.41

8-2 0.25 0.73 N.A. N.A. 0.030 0.0069 0.040 N.A. =1.57

F-1 0.20 0.54 N.A. N.A. 0.021 0.0046 0.028 N.A. =1.18

F-2 0.23 0.57 N.A. N.A. 0.023 0.0054 0.031 N.A. =1.28

F-3 0.20. 0.62 N.A. N.A. 0.027 0.0053 0.011 N.A. =1.39

*N.A. - No Assay



Listed below is a comparisonof rare earth elementsfrom the three
areas at Fen, calculatedfrom assays (Svinndal,1970),with the rare
earth distributionat Mtn. Pass, CA:

I
La% Ce% Pr% Nd% Sm% Eu% Gd% pyl REE%

Vegskjaering 23.9 50.9 6.5 14.5 2.5 0.6 0.5 0.6 100
Bolladallen 15.9 51.0 6.7 21.3 3.3 0.6 0.4 0.8 100
Hematite 20.0 41.2 8.4 24.0 4.5 0.5 0.3 1.1 100
Mtn. Pass 34.0 50.0 4.0 11.0 0.5 0.1 0.2 -- 99.8

Note that severalof the elementdistributionsare uite different
between the Fen and Mtn. Pass rocks. If the re orted values are
correct elementslike Pr Nd Sm Eu, and Gd became ve interestin

. as the occur in amounts 2 to 9 timcs reaterat Fen er % of total
rare earth elementsthan at Mtn.  Pass. Assays of Gd in drill holes

-E-1, B-2, F-1, F-2, and F-3 show values about five times greaterthan
were shown by Svinndalof the three ore types above.

In addition to the above areas,bore holes T-16, T-21 and T-23 show
• high rare earth values in the upper 50 meters of the holes. (See
Appendix - Tables XII, XIV, and XV).

Further work on mineralonicaland elementaldistributionis certainl
'ustifiedin the lar e rare earth otentialarea at Fen. The delineat-
ed rare carth area encom asses drill hole and surfacedata havim

. grea'zerthan 1% REO content. Detailedcore loggingand surfacemapping
will be required beforea drillingprogramcan be determined.

SCANDIDN

According to Mitchelland Brunfelt (1974)and Amli (1977),the
damtjernite,rauhaugiteand rqSdbergrocks at Fen have been enrichedin
Scandium. The number of samplesanalyzed ( ) and their average
scandium contentsare: (4) 24ppm, (75) 52ppm and (53) 73ppm respective-

11.
ly. The scandiummineral,thortveitite,has been observedin both the
rauhaugiteand rddbergrocks as traceminerals. Scandiumhas also
been noted in the columbiteand niobian rutileminerals taken from
these rocks.

Although certain rocks are considerablyenrichedin scandiumin the
Fen complcx,the demand for scandiumis so small (about20kg.) that
there is no explerationor mining specificallyfor scandium. Virtually
all scandiumis recoveredfrom uranium and wolframitetailings,iron
and tin blast furnaceslag,and phosphateores. Supply is far in
excess of demand. Scandiumis also substitutedby other less costly
metals, such as rare carthsand yttrium,which have similarproperties
and applications. The occurrenceof scandiumin the Fen camplexcan
only be consideredas a resourceof the future.

23



THORIUM


During the 1950's and 60's A/S Norsk Bergverkprospectedthe entire

Fen cmnplexand foundhigh radioactivityassociatedwith the rSdberg.

This radioactivityhas been found to be associatedwith thoriumin

the mineralmonaziteand a minor amount in the rare earth mineral
synchisite. The entire unit of r‘dbergwould average about 0.10% Th02.
In the hematiteveins and lensesof the r:Sdberg,radioactivityis

very high and the thoriumcontentwill averageabout 0.237 Th02.

Approximately1,000,000tons of this material still remains in the

Fensgruvenearea. The quantityof rsddbergis in the hundredsof

million tons range. This makes the Fen area one of the worlds
largest resourcesof Th02 and certainlythe largest in Norway. In

addition to demandproblemsfor thoriummentionedbelow, it will be

difficult to separatethe monaziteas this mineral is about 1 micron

in diameterthroughoutthe complcx.

During the mining of Niobium ores (1952-1965)the iron-richpyrochlore
mineral koppitewas found to containabout 27.thorium. The concen-

tration of the pyrochloreminerals increasedthe radioactivitysuffi-

ciently that workers in the concentratorwere requiredto wear film

badges.

The future of thoriumis uncertainand to date the supply exceeds

demand. The energy situationcan have a direct influenceon the

future of thoriumparticularlyif governmentsbegin to produce
electricityfram thoriumreactors.

A 1978 U.S. GeologicalSurveyreport on thoriumgives resourcedata

in the U.S. that can be comparedwith the Fen area thorium. The

report states that about 807.of thoriumresourcesare found in alka-

line rocks. The data of the major thoriumalkalinesis as follows:

Location % Th02 Total Reserves Potential
Resources
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II> Hicks Dome, Illinois 0.1 - 0.2 22,000 tons 803,000tons
0.0043 31,080 tons 114,900tonsIron Hill, Colorado






Bear Lodgc,Wyoming 0.023 - 0.042 338,000tons 1,280,000tons

Utn. Pass, California 0.026 9,750 tons 9,750 tons

The Elk Creek,Nebraskacarbonatitecontainslarge volumes of 0.03 -

0.047.thorium.

VANADIUM

Much of the magnetitein the alkalinerocks at Fen are enrichedgeo-

chemicallyin vanadium. A listingof spectrographicanalysesfor

vanadium in magnetitcfrom the Fen rocks follows (Saether,1957):

...1•• ••••••••••• 



Rock Type V% Rock Type V%

Gneiss 0.04 SSvite (CappelenQuarry) 0.4

Fenitc 0.04 SSvite (TufteQuarry) 0.2

Melteigite 0.20 BiotiteSSvitc 0.15

Vipctoite 0.30 Rauhaugite(MagnetiteDeposit) 0.02

Damtjernite 0.30 RSdberg (MagnetiteDeposit) <0.01

The highestvalues are found in magnetitefrom the Cappelenquarry.

According to Bjorlykke(1952),chemicalanalysesof the magnetite

from the columbiumores showeda vanadiumcontentof 0.5%. As the

magnetite contentof SSvitemined for columbiumis only about 3%,

it would be very difficultto dcvelopeany tonnage. In areas of

magnctitc concentration,like the magnetitedepositsshown above, the

vanadium contentswere only 0.02%V (rauhaugite)and <0.01%V (rSdberg).

In addition, (Saether,1957) indicatesa lack of vanadiumin the

concentrationof magnetitesouth of Skippervoll.

11. It would appear that there are differentgenerationsof magnetite

and the later gcnerationsof magnetite,which have formedmagnetite

deposits, are essentiallydevoid of vanadium. Vanadiumis consider-

abl enrichedin ma netite in meltei ite vi etoite damt'eriteand

sSvite and furtherinvestiations should bemade of these rocks for 

Vanadium. Svinndalis trying to obtain a sampleof magnetitecon-

centrate from the SSve mine to send to us for analysisfor vanadium.

As a comparisonto a known deposit,Union Carbide'svanadiumdeposit

near Hot Springs,Arkansas,mincs about 1600 tons per day of material

averaging0.56% V. It is the only producerof vanadium in the U.S.

that was mined exclusivelyfor vanadium. All other vanadiumin the

U.S. is recoveredas a coproductor byproduct.

YTTRIUM

Anomalous quantitiesof yttrium are foundwithin the area of rare

earth potential(Plate3). The yttrium contenthoweverdoes not

corrclatcwith the rare earth content,but appears to correlatewith

niohium. Hazen Research,Inc. (1971)and Semb (1971)have both done

mineralogicalwork on rocks within the rare earth zone and in particular

on samples from bore hole F-2.

Hazen indicatedthat the yttriumprimarilyoccurswith niobium in the

mineral kobeite, (Y, Fe, U) (Ti,Nb, Ta)2 (0, 011)6,and to a lesser

amount in xcnotime,Y PO4.

Semb on the other hand reportedthat about 507.of yttriummay occur

in associationwith niobium in distinctzoncs of alteredpyrochlore

crystals and about 3070of the total yttrium in synchisiteand orthite.

Both agree that very little yttrium occurs in apatite.
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Large areas containgreaterthan 0.02 % Y as indicatedby bore hole

values for F-1, F-2, F-3, B-1, and B-2; and surfacesamples fram

the Gruveasenand SgSveMine/FenMine areas (SeeAppendixand

Plate III).

Gonsiderablemincralogicalwork needs to be done in the rare earth

area to determinewhat is the mineralo ical distributionof ttrium.

Values as low as 0.02 % Y become econamicall interestin as a b -

product.
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RECOMMENDEDADDITIONALWORK

The data compiledfor this report indicatesthat additionalwork on

the Fen alkalinecomplex is justified. As was pointedout above,

however, no sizeableareas of economicallyviablematerialhas been

blocked out. At best, known areas of potentialcould only be consider-

ed as byproductmaterial,and for the most part it's difficultto

consider anythingas a byproductsince seldom do any two economically

interestingelementsoverlap (seePlate 3).

Of the severalcomoditiesdealtwith above, the followingoffer

economic possibilitiesat the present time: rare earths,columbium,

and phosphate. There is some potentialfor nephelinein the complex

and perhaps for yttrium as a byproductof rare earths. Vanadium

should be looked for in magnetitebut it is doubtfulenough tonnage

could bc generatedto make it an economicventure. Thorium stillhas

to be thoughtof as a resourceof the future.

The complcx is virtuallyuntested150m below the surfaceand of course

more than 607.of the surfaceis coveredby overburden. The greatest

potential does lie at depth but before any drillingprogram is outlined,

several projectsin a firstphasc sould be carriedout. These include

but are not limitedto the following:

Acquirepreminingconcessionson all open land within the Fen

alkalinecomplex.

Inventoryand organizeall Fen drill core stored in Trondheimin

preparationfor logging.

Review all A/S Norske Bergverkrecords storedat the østlandske-

Bergmester-EmbedeOffice in Oslo. Once the review is made begin

compilinggeologicand assay data on sectionsand plan maps.

This includesthe deposits: Cappelen,Hydro and Tufte. Look for

surfaccsamplingdata on west side of complex.

Determineif magneticraw data is availablefrom the NGU on

CeofysiskMalmleting's1948-49survey for review. Collectmagnetic

susceptibilityreadingsfor alkalinerocks within complex for

detailedevaluationof magneticdata.

Detennineif gravityraw data is availablefrom Rambergon his

detailedsurveyat the Fen and for the region.

Compile foliationdata on alkalinerocks within the complex,

especiallyfrom carbonatites. Datn mny be availableat NGU from

fieldmaps by BreSgger,Saether,and Svinndal. If not, field

measurementshouldbe made.
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Sce if other elementswere analyzedfor in surfacesamples

collectedfor rare earth investigation- especiallyfor P. Most

of the samplesfrom the complex shouldbe analyzedfor REO, Y,

P, Th and Cb. Mass spectrographicanalysesshouldbe made on

selectedsamplesto avoid overlookingsome importantelement.

Collectavailabledata on vanadiumin magnetiteat Fen. (Search

A/S Norsk Bergverk'srecords for magnetite shipmentsto Poland).

Collect additionalsamplesof magnetitefrom ijolite-melteigite

rocks and sgSvitefor V analysis.

Map and sampleijolite-melteigite-urtiterocks southwestof

Melteig for petrographicstudy to determinedistributionof

nephelinein the area.

Log core - All core shouldbe scannedwith U/V lamp both

filteredand unfiltered,and data recorded. Unfilteredlight

will luminescegreenwhere lathanidesare present. Magnetic

susceptibilitymeasurementsshouldbe made of the core. Petrology

shouldbe recorded. The use of cathodoluminescencewould be

helpful especiallyfor differentiatingbetween dolamiteand

calcite.

Considerre-openingadit to Tufte area (Tuftestollen)for mapping

purposes,dependingon how well the adit was geologicallymapped

and sampled.

Determincdistributionof rare earth minerals in easternhalf

of complex and distributionof rare earth elementswithin those

minerals - includingY.

Check elementalassays for rare earths by wet methods. Run

correlationcoefficiantson various elements.

Studypetrographyof explosionvents around the camplexand

analyze samples.

Additionaldrillingis not recommendeduntil the data has been compiled

and evaluated. Properlyevaluatingthe generalsubsurfacegeologyis

imperativebefore drillingbegins. It is apparentthat in the western

portion of the complex,angle drillingwill be requiredas the geologic

structuresnre steeply dipping. Less is known about the structuresin

the easternhalf but chancesare good that the area will requireangle

drilling as well.
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APPE;DIX

I. ANALYTICALRESULTSOF BORE 110LES*
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*Note - ALI analyti.caldata adapted flnport;:os.776 and 966
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TABLE I


AnalyticalResultsof Bore Hole B-1

Direction- West, Inclination- 00, Length - 97.00m

Interval (m) Y% La% 
 Ce% Sm% Eu% Gd% Th% Nb% P%

0.00- 4.55 0.022 0.22 0.70 0.030 0.0053 0.035 0.110 0.049 0.23

4.55- 9.75 0.031 0.22 0.65 0.035 0.0061 0.041 0.130 0.090 0.44

9.75- 15.55 0.033 0.25 0.75 0.038 0.0051 0.046 0.150 0.110 0.36

15.55- 20.50 0.019 0.22 0.64 0.026 0.0056 0.033 0.110 0.058 0.11

20.50- 24.70 0.021 0.22 0.64 0.024 0.0049 0.031 0.110 0.078 0.17

24.70- 30,25 0.023 0.24 0.67 0.031 0.0062 0.037 0.150 0.058 0.35

41130.25-36.05 0.024 0.25 0.75 0.037 0.0058 0.044 0.150 0.059 0.37

.."37.45- 41.40 0.029 0.24 0.74 0.043 0.0067 0.043 0.120 0.078 0.22

41.40- 45.50 0.027 0.20 0.56 0.030 0.0047 0.025 0.120 0.082 0.22

45.50- 51.80 0.021 0.31 0.76 0.028 0.0040 0.035 0.110 0.100 0.10

51.80- 55.60 0.018 0.08 0.21 0.016 0.0055 0.011 0.063 0.110 0.23

55.60- 60.60 0.025 0.25 0.64 0.028 0.0053 0.029 0.120 0.093 0.14

60.60- 65.25 0.037 0.30 0.81 0.037 0.0063 0.046 0.110 0.120 0.87

65.25- 70.05 0.035 0.29 0.80 0.026 0.0052 0.038 0.100 0.110 0.17

70.05- 75.55 0.023 0.25 0.68 0.025 0.0051 0.029 0.083 0.086 0.15

75.55- 81.00 0.027 0.15 0.46 0.024 0.0043 0.022 0.110 0.091 0.44

82.00- 87.75 0.025 0.13 0.46 0.024 0.0047 0.022 0.100 0.059 0.36

87.75- 92.75 0.017 0.22 0.80 0.022 0.0041 0.034 0.079 0.032 0.08

92.75- 97.00 0.017 0.22 0.74 0.017 0.0036 0.031 0.066 0.014 0.14

•
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TABLE II


AnalyticalResultsof Bore Hole B-2

Direction- West, Inclination- -25°, Length - 88.70m

Interval (m) Y% La% Ce% Sm70 
 Eu7 Gd7 Th% Nb%




0.00- 4.85 0.020 0.19 0.60 0.035 0.0060 0.031 0.088 0.038 0.27

4.85- 9.65 0.032 0.29 0.83 0.037 0.0090 0.047 0.130 0.090 0.40

9.65- 15.35 0.030 0.27 0.80 0.036 0.0074 0.047 0.140 0.078 0.31

15.35- 19.70 0.026 0.24 0.69 0.031 0.0064 0.039 0.140 0.088 0.27

19.70- 25.00 0.023 0.22 0.68 0.029 0.0062 0.038 0.110 0.056 0.32

25.00- 29.80 0.018 0.19 0.58 0.034 0.0036 0.034 0.100 0.059 0.30

29.80- 35.00 0.022 0.36 1.00 0.038 0.0100 0.048 0.130 0.078 0.43

di35.00- 38.20 0.025 0.37 1.10 0.047 0.0038 0.058 0.120 0.073




.."40.00- 45.20 0.022 0.26 0.80 0.032 0.0059 0.047 0.100 0.068 0.23

45.20- 51.30 0.027 0.31 0.86 0.030 0.0054 0.047 0.092 0.085 0.11

51.30- 56.55 0.031 0.23 0.65 0.023 0.0054 0.035 0.110 0.100 0.25

56.55- 62.50 0.018 0.15 0.48 0.020 0.0045 0.029 0.086 0.043 0.08

62.50- 68.50 0.014 0.11 0.39 0.013 0.0031 0.021 0.050 0.040 1.00

68.50- 73.80 0.017 0.15 0.42 0.012 0.0032 0.023 0.068 0.071 0.13

73.80- 78.30 0.021 0.25 0.75 0.025 0.0043 0.041 0.089 0.052 0.52

78.30- 84.00 0.021 0.27 0.83 0.028 0.0051 0.044 0.089 0.028 0.38

84.00- 88.70 0.025 0.37 0.98 0.038 0.0063 0.056 0.120 0.054 0.49

•



`,-04....111•1.   • •• 

34

TABLE III

AnalyticalResultsof Bore Hole E-1

Direction

Interval.(m) Y%

- S28°W,

La%

	

Inclination- -11°, Length - 251.10m

Ce% Sm% 	 Eu% Gd% Th% Nb% P%

1.25- 3.20 0.022 0.19 0.46 0.027 0.0051 0.024 0.094 0.120 0.09

3.20- 6.80 0.037 0.10 0.26 0.017 0.0034 0.020 0.078 0.084 0.18

6.80- 11.40 0.022 0.07 0.18 0.015 0.0019 0.011 0.046 0.055 1.01

11.40- 12.70 0.022 0.08 0.21 0.011 0.0029 0.014 0.058 0.061 0.95

16.00- 18.00 0.027 0.11 0.28 0.017 0.0051 0.017 0.100 0.092 0.11

18.00- 21.20 0.033 0.16 0.46 0.031 0.0070 0.036 0.100 0.086 0.19

21.20- 25.20 0.022 0.22 0.63 0.037 0.0063 0.034 0.130 0.081 0.19

25.20- 30.30 0.024 0.20 0.58 0.023 0.0057 0.034 0.084 0.076 0.18

30.30- 35.20 0.022 0.15 0.41 0,019 0.0040 0.020 0.077 0.110 0.46

35.20- 39.20 0.025 0.21 0.54 0.028 0.0055 0.029 0.098 0.100 0.25

39.20- 42.90 0.023 0.19 0.50 0,030 0.0054 0.027 0.086 0.150 0.07

42.90- 47.90 0.024 0.16 0.45 0.022 0.0048 0.025 0.074 0.100 0.19

47.90- 48.10 0.025 0.21 0.54 0.029 0.0051 0.032 0.110 0.130 0.08

54.80- 57,00 0.024 0.19 0.44 0.024 0.0064 0.026 0.087 0.140 0.07

57.00- 60.55 0.013 0.11 0.31 0.018 0.0035 0.016 0.072 0.130 0.04

60.55- 65.60 0.025 0.48 1.00 0.032 0.0061 0.044 0.160 0.052 0.16

65.60- 70.00 0.019 0.69 1.25 0.021 0.0037 0.050 0.110 0.023 0.08

70.00- 75.40 0.032 0.20 0.54 0,040 0.0066 0.035 0.110 0.140 0.18

75.40- 80.20 0.021 0.17 0.46 0.025 0.0051 0.024 0.085 0.093 0.12

80.20- 85.00 0.016 0.10 0.24 0.014 0.0026 0.014 0.059 0.100 0.21

85.00- 89.90 0.015 0.04 0.12 0.011 0.0021 0.007 0.042 0.053 1.12

89.90- 94.80 0.021 0.13 0.39 0.015 0.0036 0.020 0.076 0.055 0.27

94.80- 99.10 0.020 0.15 0.43 0.018 0.0037 0.023 0.060 0.070 0.24

99.10-103.20 0.024 0.17 0.52 0.021 0.0044 0.028 0.067 0.070 0.37

deiO3.20-109.90 0.035 0.12 0.41 0.029 0.0074 0.028 0.130 0.110 0.50

1.09.90-114.00 0.023 0.15 0.50 0.025 0.0051 0.031 0.090 0.091 0.40

114.00-119.40 0.015 0.16 0.58 0.020 0.0044 0.033 0.080 0.060 0.29

119.40-125.00 0.013 0.26 0.89 0.027 0.0056 0.044 0.100 0.064 0.13

125.00-130.10 0.026 0.22 0.70 0.027 0,0060 0.037 0.082 0.074 0.40

130.10-135.50 0.026 0.26 0.72 0.022 0.0054 0.037 0.094 0.069 0.29

135.50-140.80 0.030 0.23 0.65 0.030 0.0080 0.040 0.066 0.140 0.16

140.80-145.80 0.030 0.23 0.64 0.032 0.0089 0.038 0.065 0.082 0.43

145.80-149.90 0.040 0.32 0.77 0.034 0.0046 0.036 0.091 0.170 0.30

149.90-154.30 0.025 0.26 0.72 0.025 0.0052 0.037 0.091 0.170 0.34

154.30-157.40 0.030 0.26 0.78 0.021 0.0049 0.039 0.070 0.210 0.32

157.40-162.70 0.027 0.32 0.78 0.021 0.0048 0.035 0.095 0.170 0.63

162.70-167.50 0.023 0.31 0.72 0.019 0.0043 0.034 0.069 0.120 0.49

167.50,170.60 0.024 0.24 0.52 0.013 0.0027 0.023 0.059 0.089 0.51

170.60-174.40 0.027 0.15 0.44 0.015 0.0041 0.020 0.043 0.060 1.47

174.40-177.60 0.015 0.25 0.70 0.022 0.0042 0.035 0.042 0.057 0.36
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TABLE III (continued)

Interval (m) Y% La% Ce% Sm% 
 Eu% Gd% Th% Nb% P%

177.60-182.10 0.023 0.27 0.70 0.020 0.0045 0.036 0.060 0.067 0.74
182.10-187.80 0.022 0.29 0.72 0.018 0.0043 0.032 0.085 0.100 0.40
187.80-192.30 0.017 0.23 0.56 0.016 0.0032 0.027 0.077 0.078 0.39
192.30-196.50 0.034 0.20 0.52 0.018 0.0044 0.026 0.088 0.100 1.70
196.50-201.00 0.017 0.12 0.31 0.013 0.0029 0.014 0.036 0.054 0.22
201.00-206.65 0.030 0.11 0.30 0.014 0.0031 0.013 0.035 0.130 2.95
206.65-212.00 0.041 0.20 0.47 0.017 0.0039 0.022 0.060 0.078 3.16
212.00-216.60 0.021 0.15 0.46 0.021 0.0045 0.032 0.045 0.070 0.49
216.60-217.60 0.018 0.17 0.41 0.014 0.0032 0.023 0.053 0.160 0.43
217.60-219.20 0.014 0.26 0.72 0.020 0.0049 0.041 0.044 0.020 0.48
219.20-223.10 0.030 0.27 0.70 0.021 0.0062 0.039 0.092 0.052 0.47

„.223.10-228.70 0.023 0.20 0.52 0.016 0.0037 0.028 0.055 0.090 0.19
1,28.70-234.30 0.024 0.24 0.60 0.017 0.0044 0.030 0.061 0.090 0.16
234.30-239.00 0.026 0.19 0.49 0.022 0.0059 0.029 0.089 0.044 0.31
239.00-244.00 0.016 0.15 0.39 0.013 0.0027 0.023 0.064 0.083 0.12
244.00-251.10 0.015 0.17 0.44 0.013 0.0028 0.019 0.056 0.070 0.55

•
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TABLE IV


AnalyticalResultsof Borc Hole F-2

Interval (m)

Direction

Y%

- 820°N,

La%

Inclination- -10°, Length - 195.45m

Ce% Sm% Eu% Gd% Th% Nb% P%

0.00- 2.40 0.024 0.29 0.73 0.029 0.0070 0.041 0.130 0.071 0.27

2.40- 5.90 0.016 0.20 0.50 0.022 0.0054 0.024 0.092 0.064 0.20

5.90- 9.30 0.018 0.24 0.59 0.023 0.0051 0.033 0.090 0.080 0.20

9.30- 11.40 0.018 0.08 0.21 0.015 0.0029 0.015 0.051 0.080 0.24

11.40- 13.70 0.022 0.24 0.70 0.033 0.0073 0.045 0.110 0.053 0.15

13.70- 18.80 0.019 0.21 0.51 0.024 0.0052 0.028 0.095 0.060 0.18

18.80- 23.80 0.024 0.35 0.82 0.030 0.0070 0.042 0.095 0.073 0.23

•23.80- 28,20 0.031 0.23 0.59 0.028 0.0060 0.034 0.130 0.080 0.29

28.20- 33.60 0.027 0.27 0.70 0.033 0.0077 0.040 0.140 0.062 0.28

33.60- 38.00 0.020 0.30 0.71 0.022 0.0060 0.033 0.100 0.038 0.20

38.00- 42.60 0.017 0.24 0.58 0.017 0.0043 0.028 0.093 0.083 0.20

42.60- 47.10 0.019 0.20 0.53 0.032 0.0070 0.032 0.120 0.056 0.12

47.10- 51.70 0.017 0.21 0.51 0.023 0.0050 0.029 0.100 0.058 0.12

51.70- 56.70 0.018 0.22 0.52 0.020 0.0055 0.027 0.082 0.057 0.12

56.70- 60.70 0.016 0.36 0.83 0.023 0.0066 0.037 0.092 0.044 0.12

60.70- 65.80 0.018 0.27 0.66 0.025 0.0054 0.035 0.083 0.070 0.09

65.80- 70.00 0.017 0.26 0.65 0.021 0.0052 0.032 0.089 0.082 0.12

70.00- 74.30 0.016 0.24 0.60 0.024 0.0054 0.029 0.088 0.064 0.10

74.30- 80.30 0.020 0.26 0.62 0.022 0.0046 0.029 0.092 0.089 0.18

80.30- 85.30 0.032 0.43 1.00 0.028 0.0077 0.050 0.120 0.061 0.33

85.30- 89.50 0.024 0.24 0.59 0.024 0.0066 0.031 0.110 0.090 0.25

89.50- 92.50 0.019 0.27 0.72 0.032 0.0062 0.041 0.079 0.066 0.10

92.50- 98.20 0.017 0.21 0.54 0.022 0.0045 0.028 0.085 0.078 0.34

98.20-100.00 0.009 0.16 0.45 0.028 0.0048 0.027 0.054 0.013 0.11

100.00-105.85 0.014 0.18 0.47 0.022 0.0054 0.025 0.092 0.056 0.21

deb105.85-110.23 0.017 0.21 0.52 0.024 0.0053 0.028 0.100 0.062 0.22

1,110.25-113.65 0.010 0.28 0.68 0.023 0.0057 0.031 0.089 0.060 0.09

115.65-120.65 0.013 0.28 0.68 0.027 0.0050 0.031 0.090 0.100 0.22

120.65-126.05 0.019 0.29 0.76 0.027 0.0073 0.037 0.110 0.044 0.29

126.05-131.15 0.019 0.42 1.00 0.029 0.0072 0.045 0.110 0.080 0.34

131.15-136.65 0.015 0.20 0.49 0.020 0.0050 0.024 0.087 0.059 0.31

136.65-140.05 0.025 0.20 0.50 0.022 0.0061 0.028 0.100 0.100 0.53

140.05-145.53 0.021 0.23 0.54 0.032 0.0062 0.029 0.130 0.082 0.37

145.55-143.20 0.017 0.08 0.22 0.012 0.0029 0.018 0.078 0.075 0.58

148.20-152.15 0.018 0.13 0.36 0.019 0.0044 0.023 0.090 0.060 0.36

152.15-157.25 0.015 0.18 0.45 0.017 0.0045 0.026 0.078 0.063 0.19

157.25-162.25 0.026 0.19 0.49 0.026 0.0061 0.030 0.093 0.071 0.61

162.25-167.95 0.018 0.18 0.46 0.024 0.0055 0.025 0.085 0.053 0.26

167.95-173.35 0.017 0.26 0.66 0.029 0.0065 0.034 0.094 0.057 0.27

173.35-178.75 0.020 0.21 0.56 0.021 0.0046 0.033 0.099 0.080 0.17
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YABLEIV (continued)

Interval(m) Y% La% Ce% Sm% 
 Eu% Gd% Th% Nb% P%

178.75-183.25 0.024 0.26 0.66 0.027 0.0059 0.037 0.120 0.066 0.16
183.25-186.60 0.018 0.19 0.51 0.018 0.0041 0.029 0.100 0.081 0.08
186.60-188.15 0.011 0.08 0.20 0.007 0.0012 0.011 0.041 0.017 0.17
188.15-192.75 0.028 0.10 0.26 0.015 0.0040 0.018 0.065 0.076 1.61
192.75-195.45 0.023 0.13 0.37 0.018 0.0037 0.023 0.065 0.110 1.63

•

•
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TABLE V


AnalyticalResultsof Bore Bole F-3

Direction- East, Inclination- -15°, Length - 63.80m

Interval (111) Y% La% Ce% 
 Sm% Eu% Gd% Th% Nb% P%

0.00- 5.00 0.023 0.19 0.67 0.034 0.0068 0.010 0.170 0.120 0.15

5.00- 8.80 0.015 0.15 0.51 0.041 0.0056 0.007 0.110 0.080 0.19

8.80- 12.50 0.031 0.38 1.20 0.034 0.0079 0.014 0.150 0.090 0.25

12.50- 16.90 0.046 0.19 0.60 0.025 0.0058 0.015 0.110 0.130 0.11

16.90- 21.30 0.034 0.20 0.64 0.027 0.0065 0.017 0.100 0.120 0.17

21.30- 24.10 0.046 0.25 0.81 0.027 0.0073 0.017 0.130 0.140 0.37

24.10- 26.60 0.024 0.43 1.34 0.045 0.0071 0.009 0.120 0.130 0.48

426.60- 31.00 0.062 0.21 0.69 0.028 0.0080 0.025 0.190 0.130 0.89




36.10 0.023 0.09 0.26 0.018 0.0035 0.006 0.083 0.081 0.63

36.10- 41.00 0.015 0.08 0.19 0.010 0.0027 0.008 0.063 0.100 0.23

41.00- 47.00 0.026 0.29 0.72 0.021 0.0025 0.005 0.110 0.090 0.25

47.00- 47.50 0.013 0.11 0.31 0.016 0.0026 0.006 0.055 0.083 0.17

53.70- 58.10 0.012 0.12 0.37 0.030 0.0043 0.006 0.130 0.050 0.24

58.10- 63.80 0.011 0.10 0.31 0.024 0.0033 0.006 0.070 0.057 0.23

•






Sample No. Y%

TABLE VI


AnalyticalResultsof Ts-7

La% Sm% Eu% Yb%




1 0.003 0.01 0.017 0.0018 -0.0050




2 0.004 0.01 0.001 0.0023 -0.0050




3 0.005 0.01 0.002 0.0024 -0.0050




4 0.005 0.01 0.001 0.0016 -0.0050




5 0.005 0.01 0.002 0.0010 -0.0050




6 0.005 0.01 0.001 0.0010 -0.0050




7 0.004 0.02 0.002 0.0018 -0.0050




8 0.004 0.02 0.001 0.0015 -0.0050




9 0.004 0.02 0.002 0.0013 -0.0050

111
10
11

0.005

0.004

0.01

0.01

0.002

0.001

0.0010

0.0016

-0.0050

-0.0050




12 0.009 0.01 0.002 0.0014 -0.0050




13 0.005 0.01 0.001 0.0017 -0.0050




14 0.005 0.01 0.001 0.0010 -0.0050




15 0.005 0.01 0.001 0.0019 -0.0050




16 0.005 0.00 0.001 0.0010 -0.0050




17 0.004 0.01 0.002 0.0021 -0.0050




18 0.004 0.02 0.007 0.0025 -0.0050




19 0.006 0.02 0.002 0.0025 -0.0050




20 0.005 0.02 0.004 0.0010 -0.0050




21 0.005 0.02 0.002 0.0010 -0.0050




22 0.006 0.01 0.021 0.0016 -0.0050




23 0.005 0.14 0.003 0.0015 -0.0050




24 0.005 0.02 0.001 0.0013 -0.0050




25 0.008 0.02 0.002 0.0015 -0.0050

39

•



TABLE VII




Sample No. Y%

AnalyticalResultsof T-9

La% Sm% Eu% Yb%




1 0.009 0.01 0.005 0.0021 -0.0050




5 0.009 0.05 0.004 0.0023 -0.0050




10 0.006 0.02 0.002 0.0020 -0.0050




13 0.002 0.02 0.001 0.0012 -0.0050




16 0.004 0.03 0.001 0.0016 -0.0050




19 0.004 0.03 0.001 0.0019 -0.0050




22 0.006 0.01 0.002 0.0010 -0.0050




25 0.005 0.02 0.001 0.0018 -0.0050




29 0.006 0.02 0.003 0.0014 0.0060




33 0.009 0.01 0.002 0.0010 -0.0050

•
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40

0.005

0.009

0.03

0.01

0.003

0.003

0.0022

0.0010

-0.0050
-0.0050




44 0.006 0.02 0.002 0.0015 -0.0050




47 0.006 0.02 0.004 0.0021 -0.0050




50 0.006 0.03 0.001 0.0022 -0.0050




54 0.006 0.02 0.002 0.0019 -0.0050

40

•



••••1.•••••:.aabst:Ataa1.1....E.....

•

TABLE VIII

Analytical Results of T-11

	

Sample No.
	

Y% La% Sm% Eu% Yb%

	

1 0.006 0.01 0.001 0.0022 0.0090

	

3 0.003 0.01 0.001 0.0010 0.0060

	

6 0.004 0.02 0.001 0.0019 0.0050

	

9 0.004 0.02 0.001 0.0017 -0.0050

	

12 0.004 0.01 0.001 0.0020 -0.0050

	

15 0.004 0.02 0.001 0.0020 0.0050

	

18 0.006 0.04 0.001 0.0025 -0.0050

	

21 0.003 0.01 0.001 0.0014 -0.0050

	

24 0.003 0.01 0.001 0.0015 -0.0050

1.1
27 0.006 0.01 0.001 0.0019 -0.0050

	

30 0.004 0.01 0.001 0.0018 -0.0050

	

33 0.007 0.03 0.004 0.0024 -0.0050

	

36 0.007 0.02 0.004 0.0019 -0.0050

	

39 0.006 0.02 0.002 0.0021 -0.0050

	

42 0.005 0.03 0.005 0.0027 -0.0050

	

45 0.006 0.01 0.004 0.0021 -0.0050

	

48 0.003 0.02 0.002 0.0021 -0.0050

	

51 0.007 0.04 0.007 0.0027 -0.0050

	

54 0.005 0.02 0.003 0.0018 -0.0050

	

57 0.003 0.02 0.002 0.0018 -0.0050

	

60 0.005 0.01 0.002 0.0021 -0.0050

	

63 0.002 0.01 0.003 0.0014 -0.0050

	

66 0.005 0.02 0.009 0.0042 -0.0050

	

69 0.002 0.01 0.003 0.0010 -0.0050

	

72 0.003 0.01 0.002 0.0010 -0.0050

	

75 0.005 0.04 0.006 0.0027 -0,0050

	

79 0.005 0.01 0.003 0.0022 -0.0050

III
82 0.002

	

0.004

0.01 0.002

	

0.001

0.0016 -0.0050

	

85 0.02




0.0019 -0.0050

41



TABLE IX


Analytical Results of T-12

Sample No. Y% La% Sm% Eu% Yb% Nb2Ost

1 0.007 0.04 0.004 0.0020 -0.0050




4 0.006 0.03 0.008 0.0020 -0.0050




7 0.009 0.04 0.013 0.0040 -0.0075




10 0.006 0.04 0.006 0.0020 -0.0050




13 0.007 0.08 0.004 0.0020 -0.0050




18 0.010 0.22 0.008 0.0025 -0.0050 0.07

20 0.012 0.05 0.009 0.0030 -0.0050 0.07

24 0.011 0.04 0.005 0.0015 -0.0050 0.02

27 0.011 0.07 0.006 0.0015 -0.0050 0.02

31 0.009 0.02 0.004 0.0015 -0.0050 0.20

32 0.008 0.04 0.007 0.0020 -0.0050 0.26

33 0.008 0.05 0.007 0.0020 -0.0050 0.26

34 0.008 0.03 0.004 0.0020 -0.0050 0.07

35 0.006 0.03 0.005 0.0015 -0.0050 0.24

36 0.015 0.04 0.007 0.0020 -0.0050 0.06

37 0.006 0.02 0.003 0.0015 -0.0050 0.21

38 0.008 0.02 0.004 0.0015 -0.0050 0.35

39 0.009 0.08 0.008 0.0025 -0.0050 0.40

40 0.009 0.05 0.007 0.0035 -0.0050 0.55

41 0.004 0.14 0.006 0.0015 -0.0050 0.17

42 0.004 0.04 0.009 0.0020 -0.0050 0.65

43 0.007 0.05 0.012 0.0035 -0.0050 0.31

44 0.008 0.06 0.009 0.0035 -0.0050 0.31

45 0.003 0.06 0.009 0.0025 -0.0050 0.14

42



TABLE X


AnalyticalResultsof T-13

Sample No.




Sm% Eu% Yb% Nb2057.

2 0.009 0.07 0.012 0.0040 -0.0050




5 0.005 0.02 0.003 0.0010 -0.0050




8 0.004 0.02 0.003 0.0010 -0.0050




10 0.006 0.03 0.007 0.0020 -0.0050




14 0.008 0.06 0.007 0.0020 -0.0050




17 0.004 0.05 0.004 0.0015 -0.0050




21 0.008 0.04 0.006 0.0020 -0.0050




23 0.008 0.05 0.005 0.0015 -0.0050




26
30

0.008

0.009

0.05

0.04

0.008

0.007

0.0020

0.0025

-0.0050

-0.0050




31 0.005 0.04 0.005 0.0020 -0.0050




32 0.004 0.03 0.006 0.0015 -0.0050




33 0.006 0.03 0.008 0.0015 -0.0050




34 0.007 0.03 0.005 0.0020 -0.0050




35 0.008 0.02 0.005 0.0020 -0.0050




36 0.009 0.04 0.005 0.0020 -0.0050 0.04

37 0.006 0.03 0.004 0.0015 -0.0050




38 0.007 0.03 0.007 0.0020 -0.0050 0.55

39 0.006 0.03 0.008 0.0020 -0.0050




40 0.005 0.14 0.009 0.0020 -0.0050 0.16

42 0.007 0.06 0.007 0.0020 -0.0050




45 0.008 0.14 0.021 0.0040 -0.0050




48 0.005 0.07 0.009 0.0015 -0.0050




43
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TABLE XI


AnalyticalResultsof T-14

Sample No.
 Sm% Eu% Yb% Nb2057.

1 0.021 0.04 0.006 0.0025 -0.0050

	

3 0.010 0.30 0.009 0.0050 -0.0050

	

5 0.005 0.09 0.009 0.0050 -0.0050

	

7 0.007 0.13 0.006 0.0035 -0.0050

	

10 0.012 0.09 0.010 0.0045 -0.0050

	

13 0.009 0.05 0.007 0.0030 -0.0050

	

14 0.006 0.07 0.008 0.0030 -0.0050

	

15 0.007 0.07 0.009 0.0030 -0.0050 0.20

II,
16 0.008 0.09 0.008 0.0035 -0.0050 0.23

	

17 0.006 0.05 0.006 0.0030 -0.0050 0.23

	

20 0.011 0.06 0.011 0.0035 -0.0050 0.10

	

23 0.009 0.08 0.009 0.0040 -0.0050

	

26 0.006 0.05 0.010 0.0035 -0.0050 0.11

	

29 0.008 0.06 0.012 0.0040 -0.0050 0.15

	

33 0.007 0.12 0.009 0.0040 -0.0050

	

34 0.009 0.03 0.009 0.0040 -0.0050

	

35 0.004 0.03 0.005 0.0025 -0.0050

	

38 0.008 0.24 0.013 0.0040 -0.0050

	

41 0.007 0.08 0.009 0.0030 -0.0050

	

44 0.007 0.08 0.009 0.0030 -0.0050

	

47 0.006 0.05 0.009 0.0030 -0.0050

	

48 0.010 0.07 0.009 0.0030 -0.0050

	

49 0.007 0.10 0.008 0.0030 -0.0050

	

52 0.008 0.11 0.011 0.0035 -0.0050

	

53 0.007 0.06 0.007 0.0030 -0.0050

	

54 0.005 0.04 0.007 0.0020 -0.0050

	

59 0.006 0.05 0.007 0.0050 -0.0050

111 61 0.007 0.05 0.008 0.0020 -0.0050






Sample No. Y%

TABLE XII

Analytical Results of T-16

La% Sm% Eu% Yb%




6 0.004 0.09 0.005 0.0024 -0.0050




10 0.002 0.77 0.015 0.0073 -0.0050




13 0.003 0.09 0.005 0.0029 -0.0050




16 0.004 0.05 0.001 0.0025 -0.0050




19 0.004 0.18 0.011 0.0052 -0.0050




22 0.001 0.17 0.010 0.0043 -0.0050




25 0,002 0.16 0.013 0.0052 -0.0050




28 0.002 0.22 0.005 0.0030 -0.0050




31 0.001 0.17 0.006 0.0028 -0.0050

411
34

37

0.001

0.004

0.12

0.05

0.001

0.003

0.0024

0.0030

-0,0050 

-0.0050




40 0.005 0.10 0.003 0.0038 -0.0050




43 0,003 0.09 0.006 0,0019 -0.0050




46 0.004 0.03 0.001 0,0018 -0.0050




49 0.005 0.03 0.004 0.0031 -0.0050




52 0.004 0.03 0.005 0.0035 -0.0050




55 0.004 0.02 0.004 0.0034 -0.0050




58 0.003 0.17 0.016 0.0069 -0.0050




61 0.007 0.06 0.003 0.0033 -0.0050




64 0.007 0,07 0.001 0.0032 -0.0050




67 0,006 0.05 0.002 0.0030 -0.0050




70 0.018 0.04 0.004 0.0033 -0.0050

4 5
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TABLE XIII


AnalyticalResultsof T-18

Sample No. Y% La% Sm% Eu% Yb%

1 0.004 0.02 0.001 0.0018 -0.0050

3 0.005 0.04 0.001 0.0023 -0.0050

6 0.004 0.03 0.001 0.0017 -0.0050

9 0.004 0.02 0.001 0.0024 -0.0050

12 0.005 0.02 0.001 0.0025 -0.0050

15 0.006 0.03 0.001 0.0020 -0.0050

18 0.006 0.03 0.001 0.0017 -0.0050

21 0.004 0.02 0.001 0.0018 -0.0050

24 0.002 0.01 0.001 0.0010 -0.0050

27 0.002 0.01 0.001 0.0015 -0.0050

30 0.004 0.03 0.001 0.0023 -0.0050

34 0.012 0.02 0.002 0.0035 -0.0050

36 0.006 0.02 0.004 0.0032 -0.0050

40 0.006 0.02 0.001 0.0020 -0.0050

45 0.004 0.03 0.001 0.0023 -0.0050

48 0.004 0.02 0.001 0.0018 0.0050

51 0.005 0.02 0.001 0.0018 -0.0050

54 0.004 0.02 0.001 0.0018 -0.0050

57 0.004 0.01 0.001 0.0018 -0.0050

60 0.006 0.02 0.001 0.0014 -0.0050

63 0.007 0.02 0.004 0.0022 -0.0050
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TABLE XIV

Sample No. Y%

Analytical Results of T-21

La% Sm% Eu% Yb%

1 0.001 0.43 0.004 0.0037 -0.0050

3 0.002 0.74 0.010 0.0055 -0.0050

6 0.003 0.61 0.014 0.0057 -0.0050

9 0.001 0.74 0.008 0.0040 -0.0050

12 0.001 0.68 0.007 0.0036 -0.0050

15 0.001 0.49 0.009 0.0032 -0.0050

18 0.001 0.23 0.008 0.0023 -0.0050

21 0.001 0.24 0.013 0.0031 -0.0050

24 0.001 0.47 0.006 0.0040 -0.0050

27 0.001 0.31 0.005 0.0024 -0.0050

30 0.005 0.56 0.003 0.0042 -0.0050

33 0.002 0.16 0.003 0.0022 -0.0050

36 0.007 0.05 0.001 0.0027 -0.0050

39 0.003 0.11 0.003 0.0024 -0.0050

42 0.004 0.44 0.011 0.0062 -0.0050

45 0.001 0.18 0.009 0.0037 -0.0050

48 0.002 0.14 0.005 0.0033 -0.0050
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TABLEXV


AnalyticalResultsof T-23

SampleNo. Y% La% Sm% Eu% Yb%

1 0.007 0.04 0.006 0.0033 -0.0050

3 0,004 0.03 0.005 0.0026 -0.0050

6 0.004 0.02 0.002 0.0025 -0.0050

9 0.004 0.05 0.002 0.0035 -0.0050

12 0.006 0.35 0.003 0.0049 -0.0050

15 0.004 0.36 0.009 0.0038 -0.0050

18 0.006 0.09 0.011 0.0046 -0.0050

21 0.002 0.06 0.007 0.0040 -0.0050

26 0.002 0.07 0.016 0.0052 -0.0050

29 0.002 0.05 0.009 0.0043 -0.0050

32 0.002 0.05 0.015 0.0049 -0.0050

35 0.004 0.05 0.012 0.0041 -0.0050

39 0.002 0.08 0.010 0.0052 -0.0050

42 0.001 0.09 0.007 0.0038 -0.0050

45 0.003 0.09 0.006 0.0033 -0.0050

48 0.001 0.15 0.009 0.0040 -0.0050

51 0.002 0.19 0.007 0.0049 -0.0050

TABLE XVI


AnalyticalResultsof C-43

SampleNo. Y% La% Sm% Eu% Yb% Nb2057.

8 0.011 0.02 0.006 0.0020 -0.0050 0.15

15 0.008 0.02 0.005 0.0015 -0,0050 0.83

16 0.008 0.03 0.007 0.0015 -0.0050 0.76

17 0.008 0.03 0.007 0.0015 -0.0050 0.64

18 0.006 0.03 0.007 0.0015 -0.0050 1.14

19 0.006 0.02 0.004 0.0010 -0.0050 0.08

20 0.006 0.03 0.007 0.0015 -0.0050 0.26

21 0.009 0.04 0.007 0.0015 -0.0050 0.40

22 0.008 0.03 0.005 0.0015 -0.0050 0.48

48



APPENDIX


II. ANALYIICAL PISULTS OF ROCK SAMPLES*
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-;C:ote - All -:!alytical data 3dapted fro-:A NCP Peport ;:os. 776 and 820



TABLE XVII

AnalyticalResultsof Rock Samples- RauhaugArea

Sample No.
	

Y% La% Sm7 Eu7 Yb7 0d7

	

1A 0.022 0.02 0.009 0.0050 -0.0050 0.0134

	

1B 0.018 0.04 0.007 0.0045 -0.0050 0.0069

	

2 0.021 0.06 0.007 0.0047 -0.0050 0.0048

	

3 0.017 0.06 0.008 0.0042 -0.0050 0.0030

	

4 0.012 0.02 0.004 0.0035 -0.0050 0.0022

	

5A 0.012 0.02 0.003 0.0037 -0.0050 0.0017

	

5B 0.015 0.05 0.008 0.0046 -0.0050 0.0061

	

6A 0.011 0.05 0.009 0.0025 -0.0050 0.0078

	

6B 0.018 0.04 0.009 0.0051 -0.0050 0.0061

	

8 0.005 0.13 0.025 0.0066 -0.0050 0.0043

Ill 9 0.010 0.09 0.012 0.0042 -0.0050 0.0048

	

10 0.004 0.42 0.044 0.0145 -0.0050 0.0087

	

10A 0.007 0.55 0.046 0.0152 -0.0050

	

103 0.006 0.57 0.043 0.0163 -0.0050 0.0065

	

11 0.012 0.04 0.010 0.0046 -0.0050 0.0035

	

12 0.008 0.09 0.009 0.0046 -0.0050 0.0052

	

128 0.008 0.12 0.014 0.0045 -0.0050 0.0030

	

13 0.441 0.19 0.023 0.0103 -0.0050 0.0160

	

14 0.232 0.17 0.015 0.0050 -0.0050 0.0087

	

15 0.008 0.30 0.040 0.0078 0.0070 0.0043

	

16 0.012 0.07 0.009 0.0039 0.0070 0.0048

	

103 0.003 0.35 0.011 0.0020 -0.0050

	

104 0.006 0.18 0.014 0.0035 -0.0050

	

105 0.004 0.11 0.013 0.0030 -0.0050

	

106 0.012 0.03 0.011 0.0035 -0.0050

	

107 0.006 0.13 0.015 0.0030 -0.0050

	

108 0.012 0.07 0.015 0.0030 -0.0050

	

109 0.006 0.14 0.024 0.0050 -0.0050

111.
110 0.003 0.13 0.009 0.0030

	

0.0040
-0.0050

	

182 0.009 0.22 0.017



-0.0050

	

183 0.009 0.03 0.006 0.0020 -0.0050

	

184 0.005 0.15 0.010 0.0015 -0.0050

	

185 0.007 0.08 0.007 0.0015 -0.0050

	

186 0.012 0.04 0.006 0.0030 -0.0050
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TABLE XVIII


AnalyticalResultsof Rock Samples - GruveRsen




Samp le Vo . Y% La% Sm% Eu% Yb% G(17




1 0.004 0.04 0.015 0.0018 0.0100 -0.001




2 0.010 0.08 0.015 0.0068 0.0160 0.001




3 0.014 0.11 0.017 0.0065 -0.0050 0.010




4 0.026 0.06 0.016 0.0060 0.0160 0.009




5 0.012 0.03 0.005 0.0034 -0.0050 0.002




6 0.036 0.09 0.030 0.0098 0.0130 0.009




7 0.018 0.12 0.030 0.0081 -0.0050 0.011




8 0.011 0.07 0.016 0.0034 0.0120 0.001




9 0.022 0.07 0.055 0.0138 0.0140 0.010




10 0.010 0.07 0.027 0.0061 0.0180 -0.001

*
11
12

0.010

0.003

0.16

0.15

0.015

0.026

0.0054

0.0033

-0.0050
0.0510

0.003
-0.001




13 0.009 0.07 0.014 0.0026 0.0120 -0.001




14A 0.007 0.07 0.017 0.0054 0.0180 -0.001




14B 0.022 0.07 0.014 0.0039 0.0090 0.004




15 0.025 0.17 0.040 0.0133 0.0120 0.008




16 0.020 0.26 0.060 0.0168 0.0080 0.002




17 0.006 0.28 0.033 0.0088 0.0070 -0.001




18 0.014 0.07 0.006 0.0037 -0.0050 0.001




20 0.011 0.06 0.012 0.0038 0.0200 0.003




21 0.019 0.20 0.057 0.0156 0.0150 0.003




22 0.008 0.07 0.026 0.0045 0.0170 -0.001




23 0.004 0.03 0.010 0.0014 0.0100 -0.001




24 0.004 0.11 0.016 0.0020 0.0520 -0.001




25 0.025 0.18 0.041 0.0060 0.0170 -0.001




26 0.010 0.39 0.014 0.0057 0.0050 0.004




27 0.009 0.24 0.029 0.0063 0.0070 -0.001




28 0.012 0.18 0.024 0.0066 0.0100 -0.001

*
29
30

0.017

0.010

0.10

0.28

0.030

0.058

0.0065

0.0128

0.0070
-0.0050

-0.001

-0.001




31 0.039 0.05 0.029 0.0091 -0.0050 0.008




32 0.001 0.11 0.031 0.0044 0.0100 -0.001




34 0.005 0.24 0.021 0.0049 0.0300 -0.001




36 0.009 0.26 0.031 0.0076 0.0140 -0.001
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TABLE XIX

AnalyticalResultsof Rock Samples- Melteig Area

Samole No. Y% La% Sm% Eu% Yb%

1 0.012 0.01 0.002 0.0012 0.0070

2 0.007 0.02 0.002 0.0010 -0.0050

2B 0.008 0.03 0.001 0.0014 0.0060

3 0.019 0.02 0.005 0.0021 0.0150

4 0.006 0.02 0.002 0.0015 -0.0050

5 0.003 0.02 0.002 0.0010 0.0060

6 0.008 0.02 0.001 0.0010 0.0050

7 0.005 0.00 0.002 0.0010 0.0110

8 0.004 0.01 0.002 0.0010 -0.0050

9 0.006 0.01 0.001 0.0010 -0.0050
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TABLE XX

Analytical Results of Rock Samples - Vipeto Area




Sample No. Y% La% Sm% Eu% Yb%




1A 0.010 0.02 0.001 0.0013 -0.0050




13 0.008 0.02 0.001 0.0024 -0.0050




2 0.008 0.02 0.001 0.0010 -0.0050




3 0.005 0.02 0.001 0.0024 -0.0050




3A 0.008 0.01 0.004 0.0018 -0.0050




33 0.002 --- 0.005 0.0015 -0.0050




4 0.008 0.03 0.004 0.0021 -0.0050




4A 0.003 0.01 0.002 0.0014 -0.0050




48 0.008 0.03 0.005 0.0015 -0.0050

*
5
6

0.006

0.006

0.02

0.02

0.001

0.002

0.0017

0.0014

-0.0050

-0.0050




7 0.002 0.01 0.002 0.0010 -0.0050




9 0.004 0.01 0.005 0.0010 -0.0050




10A 0.004 0.01 0.002 0.0010 -0.0050




103 0.006 0.02 0.004 0.0019 -0.0050




11 0.005 0.00 0.001 0.0014 -0.0050




12 0.006 0.01 0.004 0.0014 -0.0050




12A 0.004 0.01 0.005 0.0010 -0.0050




12B 0.008 0.02 0.006 0.0028 -0.0050




13A 0.005 0.01 0.002 0.0022 -0.0050




138 0.001 0.01 0.001 0.0010 -0.0050




14 0.004 0.01 0.001 0.0014 -0.0050




15 0.009 0.03 0.001 0.0010 -0.0050




16 0.009 0.03 0.001 0.0024 -0.0050




17 0.008 0.07 0.005 0.0032 -0.0050




18 0.006 0.02 0.001 0.0014 -0.0050

•
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TABLE XXI

Sample

AnalyticalResultsof Rock Samples

Y% La% Sm% 


- SgiveMine/FenMine Area

Eu% Yb% Gd%

100 0.012 0.13 0.032 0.0065 0.0130




101 0.015 0.21 0.035 0,0050 -0.0050




102 0.017 0.25 0.038 0.0100 -0.0050




111 0.009 0.03 0.007 0.0010 -0.0050




112 0.005 0.02 0.007 0.0010 -0.0050




113 0.006 0.11 0.011 0.0025 -0.0050




114 0.007 0.39 0.016 0.0035 -0.0050




115 0.004 0.25 0.013 0.0025 -0.0050




116 0.005 0.16 0.006 0.0020 -0.0050




117 0.004 0.55 0.016 0.0030 -0.0050




118 0.004 0.34 0.013 0.0030 -0.0050




119 0.006 0.86 0.034 0.0110 -0.0050




120 0.012 0.27 0.026 0.0050 -0.0050




121 0.011 0.27 0.022 0.0060 -0.0050




122 0.009 0.39 0.035 0.0075 -0.0050




123 0.012 0.86 0.054 0.0160 -0.0050




124 0.012 0.50 0.048 0.0110 -0.0050




125 0.009 0.32 0.036 0.0075 -0.0050




126 0.012 0.48 0.032 0.0090 -0.0050




127 0.013 0.36 0.024 0.0060 -0.0050




128 0.040 0.33 0.034 0.0080 -0.0050




129 0,015 0.35 0.030 0.0070 -0.0050




130 0.018 0.29 0.028 0.0060 -0.0050




131 0.017 0.29 0.027 0.0055 -0.0050




132 0.016 0.35 0.028 0.0060 -0.0050




133 0.016 0.35 0.027 0.0075 -0.0050




134 0.023 0.25 0.028 0.0070 -0,0050




135 0.020 0.33 0.028 0.0065 -0.0050




136 0.013 0.36 0.025 0.0065 -0.0050

137 0.024 0.39 0.035 0.0080 -0.0050




138 0.016 0.20 0.020 0.0055 -0.0050 0.004
139 0.013 0.17 0.018 0.0040 -0.0050 0.003
140 0.011 0.09 0.009 0.0010 -0.0050 0.003
141 0.011 0.16 0.015 0.0030 -0.0050 0.004
142 0.010 0.14 0.010 0.0030 -0.0050 0.003
143 0.014 0.29 0.020 0.0095 -0.0050 0.008
144 0.022 0.08 0.015 0.0045 -0.0050 0.006
145 0.014 0.36 0.029 0.0080 -0.0050 0.007
146 0.014 0.11 0.020 0.0060 -0.0050 0.004
147 0.026 0.13 0.020 0.0050 -0.0050 0.010
148 0.020 0.28 0.030 0.0065 -0.0050 0.011
149 0.018 0.22 0.024 0.0050 -0.0050 0.008
150 0.036 0.29 0.044 0.0110 -0.0050 0.012



S

151

152

153

154

155

156

157

158

159

160

161

162

163

IIfr 164

165

166


1.67


1(")0

169

170
171

172

173

174

175

176

177

170

179

1.80

lui

II,
187

189

PiP

11)1

152

19




TAWLE KX1

I.a7. 


(cmottnued)

Euct Yb7., Ga7,

0.021 0.15 0.020 0.0050 -0.0050 0.004

0.014 0.10 0.012 0.0035 -0.0050 0.003

0.018 0.17 0.026 0.00115 -0.0050 0,003

0.018 0.12 0.019 0.0045 -0.0050 0.004

0.022 0.86 0.034 0.0075 -0.0050 0.005

0.030 0.21 0.031 0.0090 -0.0050 0.007

0.026 0.12 0.023 0.0065 -0.0050 0.007

0.028 0.29 0.036 0.0100 -0.0050 0.012

0.023 0.11 0.014 0.0060 -0.0050 0.005

0.014 0.04 0.007 0.0020 -0.0050




0.012 0.05 0.014 0.0025 -0.0050




0.010 0.05 0.005 0.0015 -0.0050




0.005 0.12 0.014 0.0010 -0.0050




0.008 0.08 0.006 0.0010 -0.0050




0.010 0.03 0.005 0.0020 -0.0050




0.018 0.06 0.010 0.0030 -0.0050




0.022 0.14 0.028 0.0060 -0.0065




0.025 0.07 0.014 0.0040 -0.0050




0.024 0.1() 0.033 0.0060 -0.0050




0.0L3 0.08 0.007 0.0025 -0.0050




0.015 0.05 0.012 0.0025 -0.0050




0.011 0.03 0.004 0.0020 -0.0050




0.014 0.82 0.003 0.0015 -0.0050




0.012 0.01 0.003 0.0010 -0.0050




0.01A 0.03 0.009 0.0010 -0.0050




0.; 0.03 0.006 0.0010 -0.0050




0.012 0.03 0.005 0.0010 -0.0050




0.011 0.02 0.005 0.0010 -0.0050




0.011 0.02 0.00'; 0,0010 -0.0050




0.012 0.03 0.003 0.0010 -0.0050




0.012 0.02 0.003 0.0010 -0.0050




0.00 0.04 0.0 6 0.0flu -0.0050


C.
0,Y.); 0.Y1 0.ong 0.0c2r; -0.0050




0.00 0.23 0.012 0.003'.., -0.0050




0.Cflfi 0 .1( 0.013 0.0013 -0.0053




0.0,.15 0.12 0.007 0000:", -0.0050




0,00 u.07 0.003 0.,i0.5 -0.0050




0.007 0.15 0.010 0.0015 -0.0050




0.022 0.14 0.020 0.00()0 -0.0050
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