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Eakland, Jr. February 23, 1979

Mr. Orvar Braaten
General Manager
Metal Extractor Group of Norway
P. 0. Box 5430
Oslo 3, Norway

Dear Orvar:

Enclosed is John Landreth's summary report on the Fen

District and his recommendations for 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 prcsentation of

the report yesterday. I think he has done a thorough job

of evaluating the present state of knowledgc on the Fen

area. I hope you and your staff will have a chance to

review it before the meetings in Oslo.

I am still planning to arrive in Oslo on March 4 and to

meet with you March 8 and 9 to discuss the operating
agreement. I will be acco=anied by Mr. Robert Humphrey

of Union Oil Company's Los Angeles Legal staff, and Mal-

colm Groom, whom you met on our previous visit.

With best regards,

EHE:mn
Enclosure
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SUMMARY AND CONCLUSIONS

A mineral evaluation was made of the Fen alkaline complex, near Ulefoss,
Norway, by John 0. Landreth. A joint venture exploration program
between Union Minerals and a consortium of Norwegian companies is being
considered for a complete mineral evaluation of the complex. A trip
was made to Norway in late 1978 to review and collect data from all
available sources, including published and unpublished company
information about the many varied resources within the Fen complex.
Several personal interviews were held with people having first-hand
knowledge of the mining and/or geology of the area. This evaluation
is based solely on data collected and presented to the writer as no
field investigation was made. The Fen complex was visited for part
of one day but the area was covered by snow.

The Fen alkaline complex consists of an oval-shaped structure, 2.3 km
by 3.0km, where alkaline rocks and solutions have been intruded form-
ing fenite, basic silicate rocks, and carbonatites. The complex is
enriched in several elements and minerals of economic interest,
including: columbium, iron, nepheline, phosphate, rare earths, scandium,
thorium, vanadium, and yttrium. Of these, rare earths, columbium,
and apatite have potential for economic concentrations while vanadium
and yttrium may be byproducts of columbium and rare earth production,
respectively. Little is known about the distribution of nepheline in
the complex but it may be an economic resource. Thorium is considered
a resource of the future.

The complex has a history of mining for columbium, apatite, magnetite,
and calcite, and research investigations for rare carths, yttrium and
thorium. This data will need to be reviewed and compiled. All
of the potentially interesting elements and minerals are restricted to
geologic units and it is imperative that these units be geologically
mapped in detail. lluisis hampered by the fact that over 607 of the
complex is covered by glacial overburden. Therefore, a detailed
interpretation of existing magnetic and gravity data is required.

Existing core should be relogged paying particular attention to the c4k. v*li-e_
petrology, mineral assemblage, and structures in areas of mineral 4Je
enrichment. Assay data from all samples should be evaluated and cr

check assaying should be considered for data confidence. There is
virtually no information about the complex below 150m. Drilling will /1/Lref,.,
be required after existing data is fully evaluated.

et" ;r4



INTRODUCTION

During the perind November 27 through December 14, 1978, Geyza I.
Lorinczi and John 0. Landreth visited Norway to examine data on
certain Norwegian mineral occurrences submitted tu Union Minerals by
A/S MEGON and Aktieselskabet Sydvaranger as possible joint venture
properties.

Lorinczi is reporting separately on his area of investigation in a
report entitled "Review of the exploration program conducted by A/S
Sydvaranger in the Karasjok area of Finnmark, Norway".

The evaluation by Landreth is concerned with the mineral potential of
the Fen alkaline complex at Ulefoss, Norway. The Fen complex has a
rather interesting mining history which includes nearly 300 years of
iron mining, a short period (1952-1965) when niobium, apatite,
calcite and magnetite was mined and potential for further mining of
these ores as well as for nepheline, rare earth minerals and thorium.
All of these occurrences lie within an oval-shaped structure about
2.3km by 3.0km.

The mnitial contact about the Fen complex was made with MEGON
(Metal Extractor Group), a consortium of companies producing high-
grade yttrium oxide from xenotime concentrates purchased from
Malaysia. MEGON had been formed from various companies participating
in a rare earth research group, Forskningsgruppe for Sjeldne Jordarter
(FSJ). The rSJ, during its investigations of rare earth properties in
:';orwavhad obtained premining concessions on part of the Fen complex,
and carried out n moderate investigation of the rare earths by drill-
ing and with mineralogic studies.

As premining concessions in the area are controlled by the FSJ (not
MEGON) and S. D. Cappelen, a meeling was held in December 1978
consisting of the FSJ membership to decide what companies would
participate in a possible joInt venture with Union Minerals. A
tenative agreement was renched whereby the following four companies
would participate in the joint venture:

A/S ;ydvaranger
Elkem - Spigerverket
A/S Årdal og Sunndal Verk
S. D. Cappelen

Personnel from three companies MEGON, Sydvaranger, and Elkem-Spigerverket
provided assistance in data collection Eor the evaluation. In
addition confcrences were held with personnel in the mining commission-
er's office (østlandske-Bergmester-Embede)and the Norwegian
Geological Survey, Norges Geologiske UnderscSkelse(NGU). About two
hours was spent at the Fen conplex to see the "lay of the land" but
no geological work was done as the arca was snow covered.
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LOCATION AND ACCESS

The Fen alkaline complex lies about 110km southwest of Oslo at the
town of Ulefoss, in Telemark County, Norway (Figure 1). The complex
is bordered on the north by lake NorsjS that provides a connection
with the sea by a river system of locks which can take ships up to
200 - 300 tons. The distance by water to the port of Skien is about
24 km.

MINERAL OWNERSHIP AND CONCESSIONS

All mineral rights to the land in the Ulefoss area are vested with the
Norwegian government. The Fen alkaline complex is roughly 40 per cent
covered by premining mineral concessions (Figure 2). The two claim
holders are: S. D. Cappelen - 5 concessions (1,265,000m2) and
Forskningsgruppe for Sjeldne Jordarter (FSJ) - 4 concessions
(1,075,000m2). The 1974 mining law allows a Norwegian citizen or
company to hold premining mineral concessions for a period of seven
years with a possible extension of three years before mining production
plans are submitted to the government. The above concessions were
obtained in 1974 and are due to expire in 1981.

In discussions with the MEGON group, it was pointed out that Union
Mineral's possible future interest would be to evaluate the entire
Fen alkaline complex, not just a part of it. They agreed that
additional concessions could easily be obtained and should be immedi-
ately obtained by someone in the newly formed rare earth group,
probably in the name of S. D. Cappelen. It would be necessary to
obtain approximately 12 additional 300,000m2 concessions to cover the
remainder of the complex. Apparently there is no annual work
commitment for the premining concessions, only a nominal tax.

While at the Bergmester's office in Oslo, the official mineral records
were checked and no adverse claimants were found in the area. However,
until 1974 a different mining law was in effect. That law required a
point of discovery, either above ground or underground. Apparently
extralateral rights did apply on those claims. Although claimants
were required to obtain the new mineral concessions in 1974, no one
was quite sure what grandfather rights might apply. Therefore, the
old mining records were also checked. About 60 old claims were
found in the Fen alkaline complex, ranging in time from 1902-1969.
These claims are completely covered by the 1974 concessions.
Happilv the old claims were in the names of S. D. Cappelen (about 20)
and Norske Bergverk (about 40). Norsk Bergverk, a government company,
is said to have turned back its claims following the c1osure of the
niobium mines.

2
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GEOGRAPHY

The topography of the Fen area consists of rolling hills of moderate

relief et160m). Nost of the arca is covered by glacial clay and

gravels which have been cultivated and used for farming purposes.

The town of Ulefoss is expanding and subdivisions are being developed

within the complex. The infra-red photo (Figure 3) displays the

cultural development of the Fen complex. Areas where the land is

intensily utiliged will be difficult for certain types of exploration

and mining activity. Agricultural land is at a premium in Norway

and could present additional problems.

PRRVIOUS INVESTIGATIONS

The general geology and petrography of the Fen alkaline complcx has

heen well documented by the classic works of Bi*ger (1921) who promoted

the idea of carbonatites being derived from a magmatic origin and by

Snether (1957). Other works on the gencral geology of the Fen include

Bergstg31and Svinndal (1960), Barth and Ramberg (1966) and Heinrich

(1966). The petrography of the columbium occurrences was studied and

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

1952a, 1953). Griffin and Taylor (1975) studied the petrology of the

damtjernite and Jennings and Nitchell (1969) investigated the

temperature of intrusion at Fen. Nineralogical studies were con-

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

and by Semb (1972). Geophysical investigations include a magnetic

survey conducted by Geofysisk Malmleting in 1948-1949 (Plate 2) and

a gravity survey by Ramberg (1973). Geochemical studies include

investigations on scandium by Mitchell and Brunfelt (1974), nli (1977)

and on rare earth, cobalt, and iron by Nitchell and Brunfelt (1974,

1975). In addition, the Germans did considerable research work on the

columbium occurrences in the complex during World War II. A/S Norsk

Bergverk, prior to and during mining of the columbium ore was responsible

for the significant development and exploration work in the Fen complex.

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

exploration and mineralogical studies in the rare earths area. These

works are largely documented in Svinndal's (1967, 1968, 1970) reports.

In 1973.Svinndal documented work done on thorium in the area.

It should bc noted that all of the references in this report are in the

possession of the writer with the exception of Br(hger's (1921) report.

Ihese will be made available upon request.

AVAILABILITY OF SAMPLES AND DATA

While in Norway, the writer attempted to inventory the existance and

availability of samples and information from the Fen complex. All

reports, correspondance, and maps dealing with the mining of columbium

by Norsk Bergverk are stored in the østlandske Bergmester-Embede Office



in Oslo and are availnble for inspection. This includes assays,

drill logs, mine plans and sections. All reports dealing with rare

earth research in the Fen complex are available for inspection at the

MEGON office in Oslo. This data includes assay data, mineralogical

studies, and work on beneficiation. Reports by the NGU on rare

earths and thorium are available at A/S Sydvaranger's Lysaker office

in Oslo, as well as data on columbium from the Fen complex.

All of the available cores and other samples are stored at the NGU in

Trondhcim. Apparently there was originally about 35,000 meters of

drill core associnted with A/S Norsk Bergverk's mining of columbium,

however, much of it was discarded after the closing of the mine.

Svinndal was able to retrive some of it though and about 4-5000m of

that core is randomly stored in a warehouse at the NGU. It was

established that most of the cores from the rare carth area, the

Tufte nrea and the Capplen deposit nre intact. Representative samples

trom splits of the cores and surface rock samples are stored at the

NCIJ chemical laborntory. All of these samplcs are available for

further testing.
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GEOLOGY


The following geological description of the Fen alkaline complexrelies heavily on Saether's (1957) report. Plate 1 shows the geologyon a base map prepared by Svinndal (1968) which has been modified toinclude more geologic detail as described by Saether (1957). It isfortdnate that Saether so thoroughly documented Brdgger's (1921) workas the later was writlen in Norwegian.

The Fen alkaline complex is considered as the "type locality" ofcarbonatites as it was here that Brdgger first recognized thatcarbonatites could be of magnetic origin. Brdgger throughly describedthe associated alkaline rocks naming them after small farms and otherlocalities either within or near the Fen alkaline complex.

PRECAMBRIK: COUNTRY ROCKS

lfieeountry rock in the Fen area is predominently composed of medium-grained gneissix granite with interbedded units of mica schist,a'aphiboliteand mica-rich gneiss. Ihe rock has a strong foliationmarked by a parallel orientation of biotite which uniformly strikesNE - NNE and dips 70-90°SE.

Near the boundaries of thu alkaline complex the gneisges have beenstrongly brecciated. In this "thermal shock zone", the breccia hasbeen locally fenitized.

FFN1TE ASD FENITIZATION

The Fen area is the type locality for fenite and fenitization. Itwas first recoc,nizedby Brdgger (1921) as an alkali metasomatism ofthe coontry rocks. During this process Na30, K20, A1203, CaO, CO2,and small quantlties of Ba0, P205 and other minor constituents wereadded to the country rocks while Si02 was being removed. The processrs called fenitization and when it is complete the resulting rock iscalled a fenite.

At Fen, fenitization is found peripheral to the complex in the granitegneiss and the "shock zone" gneissic breccia. The effects of feniti-zation extend up to a few hondreds of meters out into the country rock.As one moves from the onaltered country rock into the alkaline complex,aery,irineand sodic arThihole formed at the expense of biotite andamphibole, potash feldspars were changed to microperthite, oligoclasebecame albite and calcite, and quartz and p1agioclase fonled alkalifeldspars with excess Si02 being totally removed. The completefenitization process resulted in an alkali syenite consisting ofmicropertlite and aegirine witl minor amounts usuall < • o sodaamphibole, apatite7-ETIanite, zircon, ,rite and agnetite: Calcite
can occor in amounts up to several percent. The resulting rock ismassive and has removed all evidence of foliation.

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

IJOLITE-MELTEICITE-URTIfl-VIPETOITEAND OTHER SASIC SILICATE ROCKS

Along the border zones between fenite and the carhonate rocks are a
scries of bnsic silicate rocks. In the southern and southwestern part
of the complex, the rocks belong to the ijolite-melteigite-urtite series.These rocks have the snme minern1 composition, mainly aegirine-augite
and nepheline in varying nmounts with small quantities of apatite,
calcite, titnnite, melanite, koppite and columbite. The content of


detem:ines the rock name in this series: urtite - 70-90%
nepheline i'olite - about 507.nepheline, nnd melteigite - up to 30%
nepheline. Ijolite and melteigite are tie dominant al a ine roc s
which are cut by small pegmntitic urtite dikes in an area southwest
of Nelteig.

Vipetoite  is exposed in the south-central pnrt of the complex. Thecoarse-grained rock consists of pyroxene, nmphibole, biotite and minor
amounts of calcite„apatite,_flagnetite and pyrite. The vipetoite is -strongly carbonatized and appears to be a roof pendant in svite and
rauhaugite type I rocks.

Other basic silicate rocks nre found along the western and northern
borders of the er,mple7:but are strongly carbonatized transitional rockslargely transfermed into biotite-calcite and feldspar-biotite-calcite
rocks.

SØVITE

Closely associnted with the fflidnlrocks are the s6vitic melteigite
and pyroxine scivite. These fpcks are not only spacially associated
with the basic silicnte rork but carry a similar mineral assemblage -
only the content of calcite has varied.

The maim seSvitebody lies in the west-central part of the complex
near the Tufte fanu. The body is made up of a number of nrcuate
dike-like bodies (cone sheets) that nre intimately mixed with alkaline
rocks on the west nnd dolomitic and nnkeritic rocks near the center of
the complex. The sçvitesdip steeply toward the center of the complex
and are primaril enleite with 5-10% apatite, small amounts of magnetite,biot17-57—PYi-ite,pyroxene and offferdark minerals including the colum-
bium minerals koppite nnd columbitc. Although the average content of

(.5.Æmined scSvitein the Tufte aren was 0.257.Ch205, values over 1.0% Cb205
'Keghave been reported. -z_-

7Other s6vites, which the writor believes may be transgressive dikessimilar to those found nt Pnlabora in South Africa, are found near the
northern and southern borders of the complex. 'ffiesedikes have a
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different mineralogical distribution but some nre enriched in columbium

minerals, viz. Cappelen dLke and Hydro dike. These dikes are not

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

Little is known about the sdvites south of the complex border near

Damtjern.

RAUILAUGITETYPE I

Intinatel, associated with the sdvite  inthe center of the complex

'is a (beforesite) called rauhau ite type I by Saether


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

sdvite in the Tufte aren. The rock consists mainly of ankerite and

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

microcline, albite, quartz, barite, magnetite, pyrite, biotite,

chlorite, hematite, fluorite and columbite. In the Tufte area the

rauhaugite was the main columbium ore rock. It generally contained

0.3-0.57,0b205 and about 3-5% P205.

DAftIJERNITE

According to Saether (1957), the intrusion of damtjernitic rocks

began the second cvcle of alkaline intrusions. These rocks are found

only in the enstern half of the complex. In the central part of the

complex only altered xenoliths and roof pendants seem to remain whereas

dikes and pipc-like bodies nre found near the complex borders and

outside of the complex as far away as 50km.

The dam rnite rocks consist of biotite am hibolite, pyroxene, and

olivine in a matrix of the same minerals with additional nepheline,

micrecline albite and caleitc. Some diatremes and-b.ilecciasare

-fifled with damtjernitic material and by xenoliths of gneiss, fenite,

rocks of the ijolite-melteigite series, sdvite and raubaugite type I.

Sdvite fragments were never found in damjternite breccias outside of the

complex (Bergstd1, personal communication).

Snether (1957) referred to the rocks as kimberlites as did many other

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

rocks bear no chemical similarity to kimberlites but are similar in

chemical composition to alndites.

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

has been affected sufficiently with widespread carbonatization that

locally it has been converted to carbonatite - both rauhaugite type II

eindrddberg.

RAUHAITGITETYPE II

Saether's rauhaugite type II forms a large irregular mass of ankeritic

carbonatite in the enstern half of the Fen complex. The rock is similar

to rauhaugite typc I but type II contains about twice as much Mn and Fe,



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

rare enrth values are f d to b anomalously high but the columbium


content is much lower than in rauhautite type 1. As roof pendants of

damtjernite are found to have gradational contacts with the rauhaugite

type II rocks, Saether (1957) believes the carbonatite has been

formed by metasomatism of the damtjernite.

RdDBERG


This carbonatite rock unit is located on the castern margin of the

complex. It is mostly calcitic in composition and receives it's

name "red rock" from finely dispersed hematite as poikilitic inclusions

in the carbonate crystals, as well as between grains. Locally the

hematite is concentrated along NW-SE striking fissures sufficiently

to have been exploited as iron ore. In addition to calcite and

hemat - the rock contains minor ankerite, chlorite, barite, quartz,

albite brucite .te biotite, and magnetite. Bodies of ddifklernite


nre also found within rdberg and are carbonatized grading into the

hematitic carbonatite.

This unit is anomalously high in rare earths and thorium, largely due

to the monazite content of the rock.

EVENTS YOUNGER THAN TUE RØDBERG

Small veins of chlorite-rich material cut the rcklbergand hematite

flrebodiesin the eastern part of the coulplex. They have been called

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

any relationship to the alkaline rocks.

Several diabase dikes are found throughout the complex. These rocks

cut through all of the complex rocks but according to BreSgger(1921)

and Saether (1957), they are associated with the igneous rocks of the

Oslo region and have no association with the alkaline rocks of the

complex.

Eaulting has been trented by Saether (1957) but except locally, little

is known about the extent of adjustment, that normally occurs in

alkaline complexes, because of the amount of glacial cover. Perhaps a

detniled evaluation of the magnetics will shed some light on the

structure of the area.

fi
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GEOPHYS1CS

At 12ast four types of geophysics have been utilized in the Fen area.

These include regional and detailed gravity measurements, airborne

and ground magnetics, a resistivity survey, and ground and bore holc

radiometrics.

GRAvITY SURVEYS

Ramberg (1973) made a rather complete regional gravity survey of the

Fen region and a more detailed studv of the complex itseif. The

regionnl study showed a sharp and almost circular gravity high above

the Fen complex. After removing the regional field a residual

anomaly map of the Fen area was constructed (Figure 4). Note the

nenrlv circular gravity high that is coincidental with the Fen complex;

also that the complex appears to be bordered on the northeast by lake

Norsjd. As some of the svite dikes cutting the fenite in that area

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

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

Ramberg's detailed work was directed at modeling the complex at depth

and provides thought provoking theories of petrogenesis.

!,IAGNETICSURVEYS

ihi NGU has compiled aeromagnetic data for most of the country. Figure

5 shows the neromagnetics of the Fen region. Only three flight lines

crossed the complex but the magnetic anomaly (high) is quite pronounced.

In 1948-1949, Geofysisk Malmleting conducted a ground magnetic survey

over the Fen alkaline complex and the surrounding region to extend

geologic mapping into areas covered by overburden. Saether (1957)

this data and shows a generalized mngnetic map in his report.

A copy of the original magnetic map was obtained from the NGU (see

Plate 2). This writer has colored selected intervals to enhance

various levels of magnetism. The original survey was conducted on a

25m X 100m grid over most of the complex measuring the vertical

magnetic intensity. Saether (1957) briefly treats the relationship

between the geology and magnetism. The Eocambrian gneisses and the

fenite nre magnetically low compared to the other alkaline rocks of

the complex. The low on the northern border of the complex, along

lahe NorsW indicates a closure of the complex supporting the gravity

The data was reviewed bv and discussed with R. Ellis (MINEX),

nnd although a part of the map was not contoured, the information and

contrnst seem to be adequate. It appears that little would be gained jp

from nnnther magnetic survey and would be difficult because of the

works of man in the area (Figure 3). nowever, Ellis expressed a

to obtain the raw data for review. Magnetic susceptibility /


neasurenents should be made in the field at Fen and on the drill core / -

for a better interpretation of the geology and for modeling purposes.



Figure4. ResidualAnomalyMap of the Fen Area and

Surroundings(Ramberg,1973)
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RESISTIVITY SURVEY

A resistivity survey was conducted for A/S Norsk Bergverk to determine

the depth of overburden in the Tufte area. The clay and gravel cover

were usunlly 2-10m deep but in the NW part of the Tufte area the

overburden reached depths of 20-30m.

RADIONMRIC SURVEYS

Svinndal (1970) shows that both bore ho1es 3-1 and 3-2 were logged

radlometrically. The holes were drilled in reSdberg and rauhaugite

type II in the Bolladal1en area. The radtometric data was very

erratic but showed values two to three times background. That report

also showed nutoradiographs (gar=a-rny scans) of rq3dberg core indicat-

ing that the radionctive mineral monazite was not disseminated in the

rock but found concentrated in fractures and blebs.

In 1968 a small radiometric survey was conducted in the Rauhaug area.

Svinndnl's 1973 report shows an aren about 100m in diameter, about

where the word Rauhaug aPpears on the geologic map (Plate 1), contain-

ing greater thnn 1000ppm Th. The nnomalons area is In rauhaugite type

II rock adjacent to the Sdberg and is probably due to the presence of

monazite.

The writer would not recoratiend any further ground radiometric surveys

in the comp1ex as more than 607 of the area is covered with transported

overburden mnterial.

15



ECONOMIC GEOLOGY
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The following elements and minerals have been produced from the Fen

complex or have been considered to be in sufficient quantities to be

considered a future resource.

COLUMBIUM

The rocks of the Fen complex are geochemIcally enriched in columbium

in amounts ranging fr m 0.05-0.37. Cb205. Columbium minerals were

first recognized in 1 near le slore of lake NorsjeS nnd consider-




able mineralogical work has been carried out on the co1umbium minerals

of the area. The main occurrences of columbium are in the northern

part of the complex noar lake Norsj where NE-SW and E-W s‘4vite bodies,

enrIched in columbium, cut through fenite rock. The two main occur-

rences in this area nre the Hydro and Cappe1en deposits. Numerous

smaller dikes of a s LmLlar nature are also found in the area. The

other main occurrence is near the Tufte farm near the center of the

complex.

The northern dike-like bodies are very s1mIlar in nature. They con-

tain the minerals koppite and columbite in nenrly equnl amounts.

These columbium bearing svite dikes contain the highest grade ore

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

of the sc3vite dikes are nearly barren.

1n the Tufte aren the mineralogy is different and nearly all of the

columbium is contained in columbite. The ore rocks in this nrea are

alternating bands of sQSvite and dolomitic rauhaugite type I.

Norslc Dec,verk began nining columbium in the Fen complex in 1952 pro-

ducing 130,000t of ore per year - 100,0001 from the Cappelen and

30,000t from the Tufte deposits. The columbium concentrates were sold

to the American government, byproduct phosphate from npatite was sold

to Norsk Hydro for fortilizer, byproduct magnetite was sold to Poland,

and residual calcite was sold for agricultural purposes. Mining was

terminated in 1965 when the American government contract expired. The

(Teration was unable to compete with the rich columbium ores from

Araxå, Brazil.

The three main columbium deposits of Fen are treated individually

below:

Cal)elen De osit. The Cappelen occurrence is an irregular scSvite dike

that trends E-W nud dips about 60°S. 'Ihe elLke, located on the lake-

shore in the northern part of the complex, was faulted down on the

cast. The faulted extension was picked up agnin underground and was

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

tance under lake Norsj‘i but was terminaled due to a weakening of

grade as the dike widened.

d- /



The Cappelen sc3viteconsists of nbout 807,coarse-grained (2-4mm)

anhedral calcite, 3-7% medium-grained (1-2m4 euhedral but corroded

prisms of apatite, 3% magnetite, 17 pyrite, 0.77 koppite and

columbite, and small amounts of amphibole, micn, barite, topaz,

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

crystals up to Scrnacross. There is no megascopic flow texture.

Durin the eriod 1952-1965 approximately 1,000,000L of ore as
mine_d Ecom the Cappelen deposit_at an average grade of 0.347 Cb205.

The columbium minerals are koppite and columbite, in about equal

amounts, and like the Hydro deposit when the scSvitedike widens more

than 30m the central part of the dike becomes nearly barren.
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According to the former Norsk Bergverk mine manager at Fen,

T. Johnsen, (personal communication) about 1 million tons of

0.47,Cb705 ore remains

The Cappelen deposit is structurally complex and a detailed revie

the mine records and detailed study of the core is necessary to

further evaluate this ar'ea.
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IlvdroDeposit. This occurrence consists of a tabular igneous in-

trusion of svite cutting through fenite rock. The body is located

on the north cdge of the Fen complex where it strikes about N55°E and

dips from 50-75° to the southeast. This dike-like body is exposed on

the surface from lake Norsjciin a southwesterly direction for about

550 meters xdiereit peter4;out. The dike also undoubtedly extends

under the lake. It has been explored by 15 surface trenches and more

than 25 diamond drill holes. The width of the sc4vitedike averages

25.5m at the surface but widens with depth so that at 50m below the

surface the dike has widened about 357,. This marked increase of

ore wi.dth,with depth, fon:1sa basis for assuming that the orebody

should continue to a considerable depth. Two vertical drill holes

did penetrate the s6vite nt depths of_235mLand 280m below the surface.

In addltion the core samples nre generally a little richer than_

surface samples.

The syite dike is fairly homogeneous and consists of about 907,

medium-grained (0.5-1.0r.n)anhedral calcite, 57,euhedral apatite, and

minor nmounts of euhedral magnetite, biotite, pyrite, pyroxene, and

ether dnrk minerals including koppite and columbite. The koppite

and coltrmbiteappear to be in equal nmounts with crystal sizes up to

5mm. Streaks of non-carbonate minerals impart a weak Elow texture to

the rock.

In the Hydro deposit, columbIum minerals are enriched in the outer

portion ,-)fthe body. When the dike is more than 30m wide the core is

nearly pure carbonate.
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In 1,152 Bijorlykke reported mensured reserves of about 1,000,0001 at _

0.1777, Cb205. However, indIcated reserves to about 100m below the Ns -




surface were given at nearly 2 million tons and inferred reserves at

5 million tons.

Only a minor amount of rock was mined from the Hydro quarry and from

the Tufte adit (Tuftestollen) when it passed through this sc8vite dike.

The body was too low-grade to be mined economically at the time.

Tufte DeposIt. The Tufte occurrence lies near the center of the

couTley. The deposit consists of interlayered bands of stSvite and

rnuhauglie type I rocks. These bands lie fn n north-south direction,

dip steeply to the east, and are bordered by rocks of a similar

composition except with less columbium. The Tufte deposit is exposed

by 6 trenches and mnny surface and subsurface drill holes. Two veins

(bands) were mined in the area - Tufte I vein and Tufte II vein. The

Tuftc I vein strikes about N15°W, dips nearly vertical and is about

15m wide. A second parallel vein, Tufte II vein, lying east of the

Tufte I is 10m wide. Both veins are petrographically the same and

have the same columbium content. East-west drilling show continuous

alternating bands of scSvite and dolomite in a ratio of about 1 to 3.

The rock types at the Tufte deposit are sehrite, a biotite-calcite

rock or chlorite-calcite rock called "greenstone", and rauhaugite

lype I. These rocks form an intimate intennIxture forming a

"schlieren". In some places large, fairly homogeneous masses of

svite have fonned, in other places similar masses of ranhaugite

type I have fonned. The ranhaugite type I contains the highest

eclmm-hurc content in the area, ranging from 0.3 - 1.07, Cb205. The

svite nnd "greenstone" generally have a content less than 0.1

Cb205, except for the large homogeneous mass of sQ3vite in the Tufte

quarry that contains up to 1.07, Cb205. Although zones 10-30m wide

have fored In the rauhaugIte type I containing up to 1.17, Cb205, it

is difficult to mine them without considerable contamination from

surrounding rocks of lower grade. The higher grades seem to be in

N-S brecciated zones.

puring ::orsk Bergverk's 1952-1965 columbimn mining, about 300,000t

of ore was mined from the Tuftc area by room and pillar methods. The

ore was hauled about 900m along a horizontal adit (Tuftestollen)

miort e n rond nleng lnke Norsjd nenr the Cappelen deposit where it

was prcessed. driving this adit, a 1-2m radioactive sone was

excountered, In the area of Ts-7, containing the mineral ellsworthite.

ThLs 1s the only area reported to contain uranium in the complex.

Bjoilykke (1952) reported that scheelite had been detected in some of

the ore samples from the Tufte deposit.

From data reported by Bjorlykke (1953) the probable reserves of this

nrea would be in excess of 4 000 000t at a ,rade of about 0.257. Cb205.
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Considerable data is avallable about this deposit and it deserves a

detailed ntudy as well as relogging selected drill core before any

additional drilling wculd be recommended in this area.

GolimibiumEconomic Com arison. As a comparison with other columbium

producers, the following data is given:

Propertv Location Grade-7 Cb205

Araxa Brazil 3.00
Catalao Brazil 2.00
Niobec Canada 0.72
Oka Canada 0.45

Fen Norway 0.30

Type Mine


Open Pit
Open Pit
Underground
Underground
Underground

Ore Mineral


Pyrochlore
Pyrochlore
Pyrochlore
Pyrochlore
Columbite/Koppite

As an estimate of the economic grade required for production, the

St. Lawrence Columbium mine at Oka, Quebec, Canada was closed by
economic conditions while it was producing ore at a grade of 0.457,

On the other hand a relatively new mine (Niobec) at Chicoutimi,

Quebec, Ganada is profitably producing columbium ores at a grade of

Cb205. It appears that one must look for a grade of at least

0.67,Cb205.

IRON

Accordinr.to Saether (1957) about one million tons of hematite ore was
mined from the northcastern part of the Fen complex during the period

1652-1927. This ore was mainly exploited as raw materlal for the
Ulefoss ironworks. However, the company stopped producing iron from
the ore nnd now ir...portspig iron to produce castings, largely for coal

and wood stoves.

The main underground workings are located near the shore of lake NorsW
at Fensgruvene. 'Theworkinr,sfollowed north-south striking veins and

lenses that filled fis.iliresin the raWberg. The hematite zones are

from 3-Sm wide, discontinuous (rarely over 10Um in length), and were

mined to a depth of 200m below the surface. Minor quantities of
hematite ore were also obtained from pits in the southeastern part of
the complex in the Vipeto and Rauhaug areas.

The ores contain about 707 fine-grained hematite, 1-27,Mn0 and minor
amounts of magnelite, pvrite, calcite, chlorite, quartz, apatite,

brucite, and thorium and rare earth minerals. lt has been reported

that the cres contnin up to 1.0T REO's and 0.27,thoriima. Although its
estimated that at least anether 1,000,000 tons of hematite ore remains,

its doubtful thal this material will be mined unless for its rare

earth and/or therium content.



Relative to other carbonatites, the Fen complex rocks are low in
magnetite. However, some snall magnetite bodies were exp1oited in
the Rauhaug area. The workings are inaccessible but ns the ground
magnetics show only small anomalies, it appears the deposits have
been worked out.
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A rather large magnetic anomally (about 0.251cmdia.) is found immedi-
ately south of Skippervoll. Fo1lowing the magnetic survey, the area
was found to contain lumps and veins (up to a few cm.) of magnetite in
rauhaugitc. There is n paucity of outcrnps in the area but the
magnetite is fine-grained and nearly without impurities. Little more
is kno\,mabout the area but the magnetite reserve has becn estimated
at some hundred thousand tons.

During 1952-65, A/S Norsk Bergverk concentrated magnetite from the
columbium ores nf the Cappelen and Tufte deposits. As the content of
the ores uas only 37,magnetite, only aboul 3000 - 4000 tons was
developed annually. This magnetite was shipped to Poland.

NEPHELII:E


Litt1e is knot.rnabout the nepheline potential in the Fen area. How-
ever three rock types have been reported by Saether (1957) to have
significant quantities of the mineral: urtite, 70-907];ijolite, 50%
and melteigite, 307 nepheline. These rocks form a series intimately
related to each other and are mainly located in the dtvet - Melteig
arca. Unfortunately, in mnst of these rocks, the nepheline has been
altered to aggregates of albite, muscovite and chlorite. Unaltered
melteigite and ijolite, cut with small pematite dikes of urtite, are
found in the tongue-shaped body lying southwest of Melteig. This area
presently offers the only potential for nepheline (see Plate 3).

Even though the area of nepheline bearing rocks is quite limited,
further petrographic work should be done in the Melteig area to

Ull L;514-1-e(bli".bw"determine the actual nepheline potential in these rocks. Elkem
Spigerverkee, whiciicurrently mines 30% nepheline-bearing alkaline Ift
rock at Stiern(4y,has shown nn interest in the nepheline potential of
the Fen complex.

PUOSPHATE

Production of phosphate rock from the Fen area was begun in 1943.
Abont 2nool Q1 s dvitr_v-Is mined from the Tufte quarry, ground to rock
flour, and ;old as a fertilizer (Adamson, 1950).

When A/S Norske Bergverk began mining niobium from the complex in
1952, apatite was concentrated as a byproduct, acid treated and sold
ns phosphate fertilizer. Fp to the time Ihe minc closed in 1965,
approximately 100,000t of alatite was roduced from the niobium ore
tlat avera ed 7
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The fo1lowing analytical data shows the distribution of apatite in the

Fen complex rocks (Saether, 1957):

Rock Type 
 7 Apatite Rock Type 
 7 Apntite 


Fenite
Melteigite
ijolite

Vipctoite
Damtjernite
Rauhaugite Type I

Rauhnugite Type II
RI7Sclberg

1- 2 Schrite (1Iydro deposit)

1- 3 S‘hvite (Cappelen deposit)

1- 2 SeSvite (Tufte deposit)

7-12 Svite (gencral)
2 Pyroxene SgSvite

2-10 Svitic Melteigite
2 Gneiss

1- 3

7


7

10


1- 7


1- 3

2

1

As can readily be seen, within the complex, only the sc(vites,

rauhaugite type I , and vipetoite have sufficient quantities of apatite

to have a potential phosphate deposit. The sgSvites and rauhaugite

type I contain apatite prisms ranging from 0.1 - 1.0mm long. At the

Tufte deposit the svite may contain up to 20% npatite and even 60%

npatite in certain "schIieren". Although sampling in the vipetoite

is limiled, some analyses show up to 207 apatite. Another favorable

characteristic of vipetoitc is that it is a course-grained rock,

having prisms of apatite 5-20mm in length.

There is considernble assay data available from the underground

workings at the Hydro, Cappelen and Tufte deposits that should be

compiled and correlated with a detailed study of drill core.

As a comparison to a known operating phosphate mine, unweathered

carbonatite containing an average of only 57. P205 (127. apatite) is

currently beIng mIned from the Jacupiranga mine ncar Saci Paulo, Brazil.

The apatile is concentrated by flotation to yield 367. P205.

It is anticipated that world-wide consumption of phosphate will increase

31: times by the year 2000, and coupled with advanced beneficiation,

lower grades of phosphate rock will be mined.

RARE EARTHS

A considerabLe amount of work was done by the Forskningsgruppe for

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

of rock in the Bolladallen and Vegskjacring areas with bore holcs F-1,

F-2, anl F-3 but most of their investigation was directed at processing

and minernlogIcal sludies. In addition, samples from bore holes 3-1,

B-2, Ts - 7, T-9, T-II, T-13, T-14, T-16, T-1S, T-2I, and T-23 were also

rade available to them. These drill hole analyscs and analyses from

surface samples are given in the Appendix and have generally delimited

the area of REE potential shown in Plate 3.



Lare earth enrichment is confined to two rock types - rddberg and

rauhaugite type II. Bedrock is exposed in only about 207)of the area

and one mu:;trely heavily on the few outerops and shallow drilling

infonnation. The known rare carth enrichment does appear to corre-

spond to a 1arge magnetic high (See Figure 2) about 1.5km by lkm.

Rare earth mineralogy varies within the REE potential area. Accord-

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

Vegskjaering - 3Y0 RE minerals (parisite & synchisite)

Bolladalen - 37 RE mincrals (parisite & synchisite)

nematite	 - 57 RE minerals (monazite, parisite &

synchisite)

The Vegskjaering type of ore occurs in the rauhaugite type II rock

between Skippervoll and Bolladalen, and Includes the area drilled by

holcs F-I and F-2. Mineralogical and beneffeiation studies were

condueted on bore hole F-2 by nazen Research, Inc. (1971) and by

Semb (1971). nazen reported bastnaesite, parisite, monazite and

synchisite occurring in the bore holee The rare earth minerals are

very fine-grained and badly locked giving n poor recovery. Semb

indicated the main rare earth elements were synchisite (probably a

mixlure of the hastnaesfte group mincrals bastnaesite, parisite and

svnchisite) with subordinate orthite, fn a ratio of about 5 to 1.

Svinndal (1970) noted that 50-707)of the bastnaesite minerals were

greater than 43 microns in size.

The Dolladalen type of ore occurs in a mixture of rauhaugite type II

and rhh(a-g. It has been drilled by bore holes B-1, B-2 and F-3.

According to Svinndal (1970), 70-907eof the bastnaesite minerals are

greater than 43 microns in size.

flie hematfte type of ore occnrs in the rddberg of the Gruve2sen area

where hematite zones have fonfledalong N-S striking fractures. Thorium

and rare earths have been enriched in these zones due to the introduc-

tion of the rare earth mineral monazite. Some beneficiation was

tried nn this material but without success as the monazite is about

1 micronfn size.

The avere valuesfor the three rare earth

averagesfor drill holes in the area are as

SampleLa7,Ce7Pr7Nd7S

areas and calculated
follows:

Eu7Gd7,Dy7) RE07,

Vegskjaering 0.30 0.65 0.03 0.18 0.031 0.0071 0.007 0.007 1.48




0.99 0.69 0 .09 0 .29 0.01;6 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

B-1 0.99 0.66 N.A.* N.A. 0.028 0.0052 0.033 N.A. =1.41




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
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Listed below is n comparison of rarc carth elements from the three

areas nt Fen, calculated from assays (Svinndal, 1970), with the rare

carth distribution at Mtn. Pass, CA:

La7, CC% Pr% Nd% Sra'L Eu% Gd% DyZ 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 scveral of the clement distributions are quite different

between the Fen and Mtn. Pass rocks. If the reported values are

correct, elements like Pr, Nd, Sm, Eu, aud Gd become very interesting

ns they occur jn amounts 2 to 9 times reater at Fen

rare earth elements 1 Pa- Assays of Gd in drill holes

E-1, 13-2,F-1, F-2, and F-3 show values about five times greater than

were shown by Svinndal of the three ore types above.

In addition to the above'areas, bore holes T-16, T-21 and T-23 show

high rare carth values in the upper 50 meters of the holes. (See

Appendix - Tables XII, XIV, and XV).

Further work on mincralogical and elemental distribution is certainly

justified in the large rare carth potential area at Fen. The delineat-

ed rare carth area encompasses drill hole and surface data having

greater than 17 REO content. Detailed core logging and surface mapping

will bc required before a drilling program can bc determined.

SCANDIUM

According to Mitchell and Drunfelt (1974) and Amli (1977), the

damtjernite, rauhaugite and r(Sdbergrocks at Fen have been enriched in

Scandium. The number of samples analyzed ( ) and their average

scandium conteuts arc: (4) 24ppm, (75) 52ppm and (53) 73ppm respective-

ly. The scandium mineral, thortveititc, has been observed in both the

rauhaugite and flidbergrocks as trace minerals. Scandium has also

been noted in the columbite and niobian rutile minerals taken from

these rocks.

Although certain rocks are considerably enriehed in scandium in the

Fen complex, the demand for scandium is so small (about 20kg.) that

there is no exploration or mining specifically for scandium. Virtually

all scandium is recovered from uranium and wolframite tailings, iron

and tin blast furnace slag, and phosphate ores. Supply is far in

excess of demand. Scandium is also substitnted by other less costly

metals, such as rare earths and yttrium, \,Ilichhave similar properties

and applications. The occurrence of scandium in the Fen camplex can

only be considered as a resource of the future.
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THORIUM

During the 1950's and 60's A/S Norsk Bergverk prospected the entire
Fen complex and found high radioactivity associated with the refdberg.
111is radloactivity has been found to be associated with thorium in
the mineral monazite nnd a minor amount in the rare earth mineral
synchisite. The entire unit of rdberg would average about 0.1070 Th02.
In the hematite veins and lenses of the rqSdberg, radioactivity is
verv high and the thorimi content will average about 0.23% 11102.
Approximately 1,000,000 tons of this material still remains in the
Fensgruvene area. The quantity of rq3dberg is in the hundreds of
-211.1ion tons range. Tliis makes the Fen area one of the worlds
largest resources of 1107 and certainly the largest in Norway. In
addition to demand problems for thorium mentioned below, it will be
difficult to separate the monazite as this mineral is about 1 micron
in diameter throughout the complcx.

During the mining of Niobium ores (1952-1965) the iron-rich pyrochlore
mineral koppite was found to contain about 27, thorium. The concen-
tration of the pyrochlore minerals increased the radioactivity suffi-
ciently that workers in the concentrator were required to wear film
badges.

The future of thorium is uncertain and to date the supply exceeds
demand. The energy situation can have a direct influence on the
future of thorium particularly if governments begin to produce
electricity from thorium reactors.

A 1978 C.S. Geological Survey report on thorium gives resource data
in the U.S. that can be compared with the Fen area thorium. The
report states that aboul 807, of thorium resources are found in alka-
line rocks. The data of the major thorium alkalines is as follows:

Location 
 7 Th02 Total Reserves 
 Potential
Resources 


Hicks Dome, Illinois 0.1 - 0.2 22,000 tons 803,000 tons
Iron Colorado 0.0043 31,080 tons 114,900 tons
Bear Lodge, Wyoming 0.023 - 0.042 338,000 tons 1,280,000 tons
Mtn. Pass, California 0.026 9,750 tons 9,750 tons

The Elk Creck, Nebraska carbonatite contains large volumes of 0.03 -
0.047, thorium.

\/CTADIC 


Iluch of the magnelite in the alkaline rocks nt Fen are cnriched geo-
ch=ically in vanadium. A 1Lsting of spectrographic nnalyses for
vanadium in magnelite from the Fen rocks follows (Saether, 1957):
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Rock Type V70 Rock Type V7.

Cneiss0.04
Fenite0.04
Melteigite0.20
Vipetoite0.30
Dmntjernite0.30

SSvite (Cappelen Quarry)
Scdvite(Tufte Quarry)
Biotite SSvite
Rauhaugite (Magnetite Deposit)
RSdberg (gagnetite Deposit)

0.4
0.2
0.15

0.02


<0.01

The highest values are found in magnetite from the Cappelen quarry.
According to Bjorlykke (1952), chcmical analyses of the magnetite

from the columbium ores showed a vanadium content of 0.57- As the

~etite content of SSvite mined for columbium is only about 37,
it would be very difficult to develope any tonnage. In areas of

magnctite concentration, like the magnetite deposits sh~ above, the
vanadium contents were only 0.027V (rauhaugite) and <0.017V (rSdberg).
In addition, (Saether, 1957) indicates a lack of vanadium in the

concentration of magnetite south of Skippervoll.

ft would appear that there nre different generations of magnetite

and the later gencrations of magnetite, which have formed magnetite
deposits, are essentially devoid of vanadium. Vanadium is consider-

ably enriched in magnetite in melteigite, vipetoite, damtjerite and

svite and further investigations should be made of these rocks for
vanadium. Svinndal is tr,inflto ob n' "te con-

centrate from the S c o us for anal sis for a n

As a comparison to a knovrideposit, Union Carbide's vanadium deposit

near Uot Springs, Arkansas, mines about 1600 tons per day of material
averaging 0.567 V. It is the only producer of vanadium in the U.S.
that was mined exclusively for vanadium. All other vanadium in the
U.S. is recovered as a coproduct or byproduct.

YTTRII5I4

Anomalous quant[ties of yttrium are found wfthin the area of rare

carth potential (PLate 3). The yttrium content however does not

correlate with the rare earth content, but appears to correlate with
n;.obium. Hazen Research, Inc. (1971) and Semb (1971) have both done

mineralogical work on rocks within the rare carth zone and in particular

on samples from bore hole F-2.

ftdicated that the yttrium primarily occurs with niobium in the

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


amount in xenotime, V PO4.

Semb on the other hand reported that about 50/ of yttrium may occur

in association with niohium in distinct zones of altered pyrochlore

erystals and about 307 of the totnl yttrium in synchisite and orthite.

Both agree that very little yttrium occurs in apatite.
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Lnrge nrens contain greater than 0.02 % Y as indicated by bore hole

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

the GruveLen and Sc-e Mine/Fen Mine areas (See Appendix and

Plate III).

Considernble mineralogical work nceds to be done in the rare earth

area to determine what is the mineralogLcal distribution of yttrium. ,


Values as low as 0.02 % Y become econamically interesting as a by-

product.
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RECO=NDED ADDITIONAL WORK

'Ihedata compiled for this report indicates that additional work on
the Fen alknline complex is justified. As was pointed out nbove,
however, no sizeable areas of economitally viable material has been
blocked out. At best, known areas of potential could only be consider-
ed as byproduct material, and for the most part it's difficult to
consider anything ns a byproduct since seldom do any two economically
niteresting elements overlap (see Plate 3).

OC the several comodities dealt with ahove, the following offer
economic possibilities at the present time: rare earths, columbium, 4-r-1altriA
and phosphate. There is some potential for nepheline in the complex ch."{-LL1dt iaiufo

and perhaps for yttrium as a byproduct of rare carths. Vanadinm Po c1Nbzos-
should be looked for in magnetite but it is doubtful enough tonnage
could be genernted to make it an economic venture. Thorium still has
to be thought of as a resource of the future.

The conplex s virtually untested 150m below the surface and of course
more than 607,of the surf.aceis covered by overburden. The greatest
potential does lie at depth but before any drilling program is outlined,
several projects in a first phase sould be carried out. These include
but are not limited to the following:

Acquire premining concessions on all open land within the Fen 3742..


alkaline complex.

Inventory and organize all Fen drill core stored in Trondheim in
preparntion for logging.

Review all A'S Norske Bergverk records stored at the østlandske-
c2- i - 6- “teg<

Bemmester-Enbede Office in Oslo. Once the review is made begin
compillng geologic and assny data on sections and plan maps.

(2"1" 
This includes the deposits: Cappolen, Hydro and Tufte. Look for
surface sampling data on west side of complex.

C(.0. 461irthul.

4 Detennine if magnetic raw data is available from the NGU on
Geofysisk Nalmleting's 1948-49 survey for review. Collect magnetic
susceptibility readings for alknline rocks within complex for /.

detniled evaluation of magnetic data. ce.14 6-n( /1-i/ X)46‹

5. Detennine if gravity raw data is available from Ramberg on his

/ 


detailed survey nt the Fen nnd for the region.

6 CorTile folintinn data on alkaline rocks within the complex, •

especinlly from carbonatites. Data may be available at NGU from
field maps by 13r6gger,Snether, and Svinndal. If not, field
measurement should be made.

S -(4_ rfn-v /t/l se-4-2'4.41f, iv-Lca-d-cd
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See if other elements were analyzed for in surface samples

collected for rnre earth investigation - especially for P. Most

of the samples from the complex should be analyzed for REO, Y,

P, Th and Cb. Mass spectrographic analyses should be made on

selected samples to avoid overlooking some important element.
crreiliScl

Collect available data on vanndium in magnetite at Fen. (Search z

A/S Norsk.Bergverk's records for magnetite shipments to Poland).

Collect additional samples of magnetite from ijolite-melteigite

rocks and saSvitefor V analysis.

Mnp and sample ijolite-melteigite-urtite rocks southwest of 67(kci.a.


Nelteig for petrographic study to determine distribution of

nepheline in the area.

log core - All core should be scanned with U/V lamp both nt,

filtered and unfiltered, and datn recorded. Unfiltered light

will luminesce green where lathanides are present. Magnetic %L..04L~LH-
,.IW.Am-SCi CL1-

susccptibi1ity measurements should be made of the core. Petrology1.4y1~ .

should be recorded.. The use of cathodoluminescence would be 0.,7702;7R7city.,:

helpful especially for differentiating between dolomite and

calcite. ,f,..,ct4-4k.

Consider re-opening adit to Tufte area (Tuftestollen) for mapping ...5,rm:j4Le

purposes, depending on how well the adit was geologically mapped 1


Vand sampled.

Determine distribution of rare earth minerals in eastern half

of complex and distribution of rare carth elements within thosemh.

minerals - including Y.

(2 13. Check elemental assays for rare earths by wet methods. Run
.(1,4A.O.;a4.4fittr)-tr_H7citt

correlation coefficiants on various elements.

14. Study petrography of explosion vents around the complex and/A-,74_,

analyze samples.

Additional drilling is not recommended unti.1the data has been compiled

and evaluated. Properly evaluating the general subsurface geology is

imperative before drilling begins. It is apparent that in the western

portion of the complex, angle drilling will be required as the geologic

structures are steeplv dipping. Less is known about the structures in

the cantern half but chances arc good that the area will require angle

drilling ns well..

l& £4.1. ktvIS
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APPENDIX


I. ANALYTICALRESULTSOF BORE HOLES*

31

*;:ote- All analyticaldata adaptedfrom NGU ReportNos. 776 and 966
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TABLE I


AnalyticalResultsof Bore Hole 13-1

Direction

Interval(m)

- West,

Y% LaX

	

Inclination-00,Length - 97.00m

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

30.25- 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 00110 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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TARLE II


AnalyticalResultsof Bore Hole B-2

Interval(111)

Direetion

Y%

- West,

La%

Inc1ination-

Ce% Em% 


-250,Length - 88.70m

Eu%Cd%Th% Nb% P%

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 0.72 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

35.00- 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
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Direction

Interen1(m) 477

Analytical

- S28°W,

TABLE III

Results of Bore HoleF-1

	

Inclination --11°,Length - 251.10m

La`AGe Sm% En%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 0.092 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 0.092 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

(,0,55-65.60 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

103.20-109.90 0.035 0.12 0.41 0.029 0.0074 0.028 0.130 0.110 0.50

109.90-114.00 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 0.96 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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Interval(m) Y% La%

TABLE

Ce%

III (continucd)

Sm% 	 13117, 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
228.70-234.30 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


Analytical Results of Bore Hole F-2

Direction - 820°W, Inclination - -10°, Length - 195.45m

Interval (m)
 La7,Ce7„Sm7„Eu7.Gd3/4Th7Nb7PZ

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

'17.10-51.70 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

7:1.30-80,30 0.020 0.26 0.62 0.022 0.0046 0.029 0.092 0.089 0.18

50.30- 35.30 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

105.85-110.25 0.017 0.21 0.59 0.024 0.0053 0.028 0.100 0.062 0.22

110.25-115.65 0.010 0.23 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

140.05-1'45.55 0.021 0.22 0.54 0.022 0.0062 0.029 0.130 0.082 0.37

115.55-1 '8.20 0.017 0.08 0.29 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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TABLE IV(continued)




Interval(-.1) Y% 1:17, Ce% S117,
 Cd% 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 0.023 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


Analytical Results of Bore Hole F-3

Direction - East, Inclination - -150, Length - 63.80m

Interval (n) Y7, La% Ce% Sm7, Eue/, Gd7. ThZ 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
26.60- 31.00 0.062 0.21 0.69 0.028 0.0080 0.025 0.190 0.130 0.89
11.00- 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



TABLE 9I


Analytical Results of Ts-7

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

1 0.,003 0.01 0.017 0.0018 -0.0050
9 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

10 0.005 0.01 0.002 0.0010 -0.0050

11 0.004 0.01 0.001 0.0016 -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
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TABLE VI I

Sanple No. Y7,

Analytical Results of T-9

La7,Sm7.Eu7. Ybe7.

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
-.),) 0.006 0.01 0.002 0.0010 -0.0050

2.5 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

36 0.005 0.03 0.003 0.0022 -0.0050

1.0 0.009 0.01 0.003 0.0010 -0.0050
// 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
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TABLE VIII


Analytical Results of T-11

Sample 1:o.Y7, La-7, Sm% Eu% Y1)7.

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

71 0.003 0.01 0.001 0.0014 -0.0050

24 0.003 0.01 0.001 0.0015 -0.0050

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

/ 2 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

82 0.002 0.01 0.002 0.0016 -0.0050

85 0.004 0.02 0.001 0.0019 -0.0050
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TABLE IX


Analytical Results of T-12

Sample No. Y% La% Sm% Eu% Yb% Nb2057.

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

3 '..4 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
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TAIILE X


Analytical Results of T-13

Sample No. Y% La% 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 0.008 0.05 0.008 0.0020 -0.0050




30 0.009 0.04 0.007 0.0025 -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






TABLE XI

Sample No. Y%,

Analytical Results of

La%Sm%

T-14

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

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




61 0.007 0.05 0.008 0.0020 -0.0050
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TABLE XII

Sample No. Y%

Analytical Results of

La%Sm%

T-16

Eu% Yb%

6 0.004 0.09 0.005 0.0024 -0.0050

10 6.002 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

34 0.001 0.12 0.001 0.0024 -0.0050

37 0.004 0.05 0.003 0.0030 -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 0.03 0.002 0.0030 -0.0050

70 0.018 0.04 0.004 0.0033 -0.0050
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TABLE XIII


Analytical Results of T-18

SampIe 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

2 4 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 9.02 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 fl

Analytical Results

LaY.Sid7,

of T-21

Eu% Yb7.

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

47 0.004 0.44 0.011 0.0062 -0.0050

1 5 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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TABLE XV




Sample No.

Analytical Results of T-23




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

9 1 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





TABLEXVI





Analytical Results of C-43




Sample No. 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

90 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

-- 0.008 0.03 0.005 0.0015 -0.0050 0.48
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APPENDIX


II. ANALYTICALRESULTSOF ROCK SAnPLES*

49

*Note - All analyticaldata adaptedfrom NGU ReportNos. 776 and 820



TABLE XVI 1

Analytical Results of Rock Samples - Rauhaug Area

Sample No. Y7, La7, Sm7, Eu7 Yb% Gd%

1A 0.022 0.02 0.009 0.0050 -0.0050 0.0134
13 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
53 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
63 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
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




108 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
I 2B 0.008 0.12 0.014 0.0045 -0.0050 0.0030
1 3 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
1 5 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

1 03 0.003 0.35 0.011 0.0020 -0.0050




10'4 0.006 0.18 0.014 0.0035 -0.0050




105 0.004 0.11 0.013 0.0030 -0.0050




1 06 0.012 0.03 0.011 0.0035 -0.0050




107 0.006 0.13 0.015 0.0030 -0.0050




1 08 0.012 0.07 0.015 0.0030 -0.0050




1 09 0.006 0.14 0.024 0.0050 -0,0050




1 10 0.003 0.13 0.009 0.0030 -0.0050




1 82 0.009 0.22 0.017 0.0040 -0.0050




1 83 0.009 0.03 0.006 0.0020 -0.0050




1 84 0.005 0.15 0.010 0.0015 -0.0050




1 85 0.007 0.08 0.007 0.0015 -0.0050




1 86 0.012 0.04 0.006 0.0030 -0.0050
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TABLE XVIII

Sample No.

Analytical

Y%

Results of Rock Samples -

La%Sm%Eu%

Cruveåsen

Yb% Cd%

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 0.010 0.16 0.015 0.0054 -0.0050 0.003
12 0.003 0.15 0.026 0.0033 0.0510 -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
148 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
).) 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
74 0.004 0.11 0.016 0.0020 0.0520 -0.001
95 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 0.017 0.10 0.030 0.0065 0.0070 -0.001
30 0.010 0.28 0.058 0.0128 -0.0050 -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




Analytical

No.Y%

Results of Rock Samples - Melteig Area

1 0.012 0.01 0.002 0.0012 0.0070
2 0.007 0.02 0.002 0.0010 -0.0050
2g 0.008 0.03 0.001 0.0014 0.0060
3 0.019 0.02 0.005 0.0021 0.0150




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

N:inp 1e No.

Analytical

Y%

Results of Rock Samplcs - Vipeto Area

La%Sm70Eu%

1A 0.010 0.02 0.001 0.0013 -0.0050
1 3 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
43 0.008 0.03 0.005 0.0015 -0.0050
5 0.006 0.02 0.001 0.0017 -0.0050
6 0.006 0.02 0.002 0.0014 -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
1 2A 0.004 0.01 0.005 0.0010 -0.0050
123 0.008 0.02 0.006 0.0028 -0.0050
13A 0.005 0.01 0.002 0.0022 -0.0050
1 3E 0.001 0.01 0.001 0.0010 -0.0050
14 0.004 0.01 0.001 0.0014 -0.0050
1 5 0.009 0.03 0.001 0.0010 -0.0050
1 6 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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TARLE XXI


AnalyticalResultsof Rock Samples - SdufeMine/FenMLne Area

S“mpleN0O. Y% La% 
 Sm% Eu% 117, 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




192 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
11.1 0.011 0.16 0.015 0.0030 -0.0050 0.004




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
1114 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
1',8 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
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Samp 1 No Y%

TABLE XXI

La7. 


(continued )

Sm7,Eu7. Y1)7, Gd7.

151 0.021 0.15 0.020 0.0050 -0.0050 0.004

159 0.014 0.10 0.012 0.0035 -0.0050 0.003

153 0.018 0.17 0.026 0.0045 -0.0050 0.003

1 54 0.018 0.12 0.019 0.0045 -0.0050 0.004

155 0.022 0.26 0.034 0.0075 -0.0050 0.005

156 0.030 0.21 0.031 0.0090 -0.0050 0.007

157 0.026 0.12 0.023 0.0065 -0.0050 0.007

158 0.028 0.29 0.036 0.0100 -0.0050 0.012

159 0.023 0.11 0.014 0.0060 -0.0050 0.005

160 0.014 0.04 0.007 0.0020 -0.0050




161 0.012 0.05 0.014 0.0025 -0.0050




169 0.010 0.05 0.005 0.0015 -0.0050




163 0.005 0.12 0.014 0.0010 -0.0050




164 0.008 0.08 0.006 0.0010 -0.0050




165 0.010 0.03 0.005 0.0020 -0.0050




166 0.018 0.06 0.010 0.0030 -0.0050




167 0.022 0.14 0.028 0.0060 -0.0065




168 0.025 0.07 0.014 0.0040 -0.0050




169 0.024 0.19 0.033 0.0060 -0.0050




170 0.013 0.08 0.007 0.0025 -0.0050




171 0.015 0.05 0.012 0.0025 -0.0050




I 72 0.011 0.03 0.004 0.0020 -0.0050




173 0.014 0.02 0.003 0.0015 -0.0050




I 74 0.012 0.01 0.003 0.0010 -0.0050




175 0.014 0.03 0.009 0.0010 -0.0050




176 0.008 0.03 0.006 0.0010 -0.0050




177 0.012 0.03 0.005 0.0010 -0.0050




1 78 0.011 0.02 0.005 0.0010 -0.0050




I 79 0.011 0.02 0.004 0.0010 -0.0050




0.012 0.03 0.003 0.0010 -0.0050




181 0.012 0.02 0.003 0.0010 -0.0050




187 0.008 0.04 0.006 0.0015 -0.0050




I 0.003 0.48 0.009 0.0025 -0.0050




122 0.003 0.23 0.012 0.0035 -0.0050




Irdm 0.004 0.16 0.013 0.0035 -0.0050




1"1 0.005 0.12 0.007 0.0025 -0.0050




0.008 0.07 0.008 0.0025 -0.0050




1 I

u
0.007

0.022

0.15

0.14

0.010

0.020

0.0025

0.0060

-0.0050

-0.0050
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