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THE FEN PROJECT

GEOLOGYOF THE NORTHWESTERN

SECTOR OF THE FEN COMPLEX-


THE GRUVEASEN-BOLLADALENSUB-AREA.

1. INTRODUCTION.

The geologicalmap accompanyingthis report (PlateI) is the
result of fieldwork carriedout in this part of the Fen
Complexduring the periodMay - September,1981.

Classificationand petrographicdescriptionsof rock types
are based on mesoscopicexaminationof samples,and the
limitedamount of microscopicstudiespresentedlater is based
on samplescollectedduring the reconnaissancestage of the
project.

Under "ordinary"circumstances,a geologicalreportwould be
more becomingwhen petrographicand geochemicaldata for the
samples collectedare produced,but since the three geologists
who have been mappingthe area - G. Foslie,T. Andersen (pre-
sents a separatereport)and K. Mørk - are all leavingthe
project,we shall try to compileour presentknowledgeand
ideas in writing for futurereferencefor our successors.

The accompanyingmap (PlateI) is a compilationon scale 1:5000.
Field mappingwas done in scale 1:1000,and a compiledversion
of the field sheets (outcropmap) has been worked out and sub-
mitted to the new project leader.

The main objectiveof this seasonswork has been to recognize
and classifythe main rock units in the field,rather than pro-
duce a 100 % "correct"geologicmap. In areas with good exposure,
for instancealong the lake Norsjø,the Vegskjæringsectionand
along the easternside of Bolladalen,we have been able to work
in reasonabledetail and feel relativelyconfidentabout rock
types, their relationsand extensions.In the Gruveåsenitself,
where outcropsare small and sparse,the map is less reliable,
and more work is required.
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Representativesamplesof most of the rock unitshave been
collected(markedon the maps) and submittedfor chemicalana-
lyses and preparationof polishedthin sections.More samples
are obviouslyrequired,but (in my opinion)a samplingprocedure
should preferablybe designedby geologistswho are doing the
investigationsof the samples.

Some ideas about the age relationsbetweenthe rock units have
developed,and the petrographicdescriptionsfollowingare listed
accordingto this supposedgeneticsequence.

2. PETROGRAPHICDESCRIPTIONS.

2.1 Precambrianrocks.

2.1.1 Foliatedgneiss.

Generally,the rocks outsidethe Fen Complexare dominatedby
granitticgneisses (Sæther,1957, Olmore,1981).East of the Com-

such gneissesare more finegrained,with inlayersof mica-
gneissesand amphibolites,this sequenceprobablybelongingto a
more heterogeneoussupracrustalseriesthan the more coarser-
grained unit along the Westernpart of the Complex (S. Danigren,
pers.com.).

In the field, a distinctionwas made betweena distinctlyfoliated
fsp. - qtz - biotite- chlorite-gneissand an unfoliatedfsp. -
chloriterock (fenite,see below),i.e. a distinctionbased do-
minantlyon a structuralcriterion.

Mappingwas extendedoutwards (fromthe Complex)into the foliated
gneiss,and only reconnaissancemappinghas been done in this unit
500-1000m east of the contact,the gneissappearto have biotite
as the dominantmafic component,but within 100 m of the contact,
chloritepredominates.

Two sampleshave been studiedin the microscope,one taken along
the Grønvoldveien(10c.1)12588/52747,i.e. 150 m east of the
contact),and one at Gruveåsen(Loc.142328/52945).Only traces
of biotite are retained,the dominantmafic mineralbeing chlo-
rite associatedwith calcite.Quartz is presentin both sanples.
Examinationunder the Cathodoluminoscope(CL)reveal that sone of
the pe K-fsp. (microcline)is retained,but is extensivelyre-
placed by a red luminescing(Fern-activated)felspar,i.e. a
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fenitizationprocess (acc.to A. Mariano,pers.com.),showing
that fenitizationof the precambrianhas takenplace along this
easterncontactof the Fen Complex(contraryto previousdescrip-
tions).

Even in the samplesof foliatedgneiss,there is evidenceof
crushingof the rock, particularlyof the felspar,with introdue-
tion of chloriteand calcitealong the cracks.

2.1.2 Gneiss breccia.

This rock unit has been describedby Sæther (1957).It is a brec-
cia with fragmentsof foliatedgneiss,which have rotatedrelative
to each other and cementedby a finegrainedgranitticmatrix.We
have seen it, but haven'tdone much about it.

2.1.3 Fenite.

Approachingthe Complexcontactfrom the east, the gneiss gradually
loose it's foliatedtextureand become a more massive,but heter-
ogranularfelspar- chlorite- calcite-rock,i.e. quartz is no
longer detectablein hand specimen.CL shows that the pe felspar
is totallyrepacedby a red luminescingvariety.The rock is
extensivelycrushed,the felsparis broken up and calciteand
chloritefill intersticesand fractures.If the crushingis obvi-
ous in hand specimen,the term "fenitebreccia"has been applied
in the field,but since there are gradationaldifferences,such
varietieshave been groupedtogetheron the geologicalmap to
one unit - fenite.

2.2 Basic silicaterock - "s enite".

In the Westernportionof the map, along the lake Norsjø (Loc.
142800152050),a basic silicateunit has been separatedout. It
is a dark to dark green, finegrainedrock with minor pink felspar.
It occurs as inclusionsin rauhaugite(seebelow).Furthereast
along the shore, similarinclusionsin rauhaugiteare dominated
by pink felsparassociatedwith chlorite.These inclusionshave
been mapped as fenitei.e. alteredprecambrian.
Olmore (pers.com.)describesK-fsp.-floodingof basic silicate
rocks at Torsnesoddenand furtherwestwards,and in his opinion,
much of the feniteon the map (PlateI) can be K-fsp.-flooded
basic silicate.
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Hopefully,petrographicstudieswill clearifythe origin of the
basic silicaterock, but an extractof the discussionsis here
presented :

The basic silicaterock is a separatemagmaticunit, which
was later intrudedby rauhaugite,causingK-fsp.-flooding
(replacement)of the basic silicates(01more).

The basic silicaterepresentsan immiscibleequivalentof the
rauhaugitecarbonatite.The felsparis then either formedby
late segregationsof this intrusiveevent or by latel"intru-
sives - or the K-fsp. - chloriterock is alteredprecambrian
inclusionsin rauhaugite,i.e. basic silicateand fenite
have a separateorigin.

The basic silicaterepresentsaltered,more basic layers
(amphibolitic)of the precambriansequence,i.e. no potassium
metasomatismtook place, only recrystallizationof mafic
mineralsand K-fsp. from the originalfsp.-containingprecam-
brian.

There is also a possibilitythat an intrusiveevent resulted
in magmaticsegregationwithin a magma of more syeniticcom-
position,i.e. segregationof a basic silicateand a syenite
phase. The K-fsp. is then primarymagmatic.

2.3 Rauhaugite.

Within the mapped area, this rock type belongsto the rauhaugite
type II of Brøgger'sclassification,(1921),and describedby
him and Sæther (1957).

The road-cutalong Grønvoldveien,west of Bolladalen,(Loc.
142650/51050- 142550/51180)offers a well exposedsectionthrough
this rock unit. Also DDHs Fl and F2 are dominatedby this rock
type. These sectionsclearlydemonstratethe variationsand he-
terogenityof this unit, but it has certaincharacteristics
which were describedby Sæther (1957)and which we have also ob-
served in the field.

2.3.1 Petrographicdescrietion.

It is generallya finegrained,but somewhatheterogranular,mas-
sive carbonaterock. It varies in colour from light grey to
brownish grey, in some parts it is greenishgrey.
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It containschloriteas the dominantmafic mineral,either
finely dispersed- and hence the greenishvarieties- or as more
irregularpatchesor veinlets.Larger,more massiveinclusions
of chlorite-dominatedbasic silicaterock are also regularly
seen.

Generally,dolomiteis the dominantcarbonate(littleor no ef-
fervescencewith HC1) but in some parts calcitemay become a
significantcomponent(alsoevidencedby CL examination).Pyrite
impregnationis characteristic.Impregnationof small hematite
flakes are also observedin places,whereaimagnetiteseem to
occur as secondarymineralalong veins and fractures.

Possibly,the most characteristicfeatureis the brown surface
weatheringof this rock. It extendsgenerally1-2 cm from the
surfaceas a brown, porous zone.

Generally,this rock unit is massive,with no significantor
mappablestructuralfeatures.However,a foliation,due to a fine
banding of darker silicaterichmaterial (especiallyevidenton
weatheredsurface)has been describedin some localities(e.g.
142715/52130).This structureis interpretedas a flow banding
(similarstructuresare found in the søvite carbonatite)- and
thus indicatethat the rauhaugite- or at least a rauhaugite
phase - has an intrusiveorigin,i.e. is a carbonatite.

5 samplesof rauhaugitehas been studiedin thin section.They
have a generallyfinegrained,but heterogranulartextureof irre-
gular, suturedcarbonategrains. 3 of the samples (D2H F1-22,4m,

F1-210,5and 10KM79)are dominantlycalcitic,but with sone
dolomite (CL-examination),and 2 (DDHF1-66,4mand 1110179)are
virtuallyall dolomitic(no luminescencein CL, indicatinga
certainFe-content,i.e. an ankeriticdolomite).

2.3.2 Specialmineralogx.

Irregulargrains of baryte, sometimesgatheredin clusters,
are observedin the microscope.Under CL it shows a pale bluish
grey luminescence.It seems to be a characteristicmineralof
rauhaugite.Euhedralgrains of apatiteare also seen.

Radial aggregatesof RE-minerals(see chapter3) are dispersed
throughoutthe carbonaterock. Sample 10KM79are enrichedin RE-
minerals,associatedwith baryte along veins (fig. 1).
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Fig.1: RE-mineralsand barytein veinin
raUhaugite.Sample10KM79.

Brown:radialaggregatesof RE-mineral
White:baryte
Dark : opaques
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Fig.2: RE-aggregates(brown)in dolomite.

SampleDDH F1 - 66,4m



Sample 11KM79 containa significantamount of euhedralcrystals
of rutile - or aggregatesof crystals- evenlydispersed.It is
a niobeanvariety,i.e. an ilmenorutile.This mineralwas also
reportedby Åmli (1974)and has been found in many of the rau-
haugite samples.The mineralchemistryof this phase and of the
RE-mineralsare discussedin chapter3.

2.3.3 Conclusion.

The rock mapped as rauhaugitehas variousexpressionsin outcrop,
but it is distinctlyseparableas-a unit in the field.The
brown weatheringis characteristic,it is generallydolomitic
and thereforegives littleeffervescencewith Hel. Chloriteis
the only mesoscopicallydetectablemafic mineral.The rock may
containpatches or fragmentalinclusionsof mafic silicaterock,
but lack the special (smallerscale)fragmentaland orbicular
texturethat characterize.thedolomite-richdarkjernitevariety
which is describedin chapter2.4.2.

Accordingto the discussionon the genesisof the basic silicate
(and fenite)in the preceedingchapter,the rauhaugitewas em-
placed either contemporaneouswith, or later than the basic sili-
cate unit.

The rauhaugiteis a carrierof RE-minerals,baryte and ilmeno-
rutile,and is thereforean importanttarget fcr exploration.

2.4 Damkjernite.

The type localityfor this rock is east of the lake -jamtjern,
south of Vipeto. It occurshere as a dike in precambriangneiss.
The rock is porphyritic,with phenocrystsof biotite,pyroxene
and amphibolein a dark, basic silicatedominatedmatrix.Altered
olivine serpentine)is also reported.(BrOgger,1921,

Sæther, 1957).

From inside the Fen Complex,Sæther describesa number of plugs
of damkjernite,which, in additionto the mentionedphenocrysts
also containxenolithsof rocks which occur adjacentto them.

Accordingto Sæther'smap, damkjerniteplugs alsc croo out within

111	

the presentlymapped sector of the complex.This has been con-




firmed,and a few "new" localitieshave been found,but the pic-
ture is more complexsince there are at least two separaterock111 types within this unit.
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2.4.1 Damkjernitewith dark basic silicatematrix.

"Typical"damkjernitewith biotiteand amphibolephenocrysts

occur as two bodies at the north end of Bolladalen,along the

lake Norsjø. A I - 1m wide dike, cuttingrauhaugite,has also

been mapped furtherwest (Loc.142770/52095).Also up in the

Gruveåsenit has been observedin a number of localities.

The outcropsin the creek bed at the northernpart of Bolladalen

show little xenoliticinclusionsof surroundingrocks.Some small

fragmentsof light-colouredcarbonatematerialmay be of rau-

haugite composition,but they have not yet been properlyidenti-

fied.

By carefulexaminationof hand specimenit is possibleto detect

some roundedor orbicular,dark colouredinclusionsand also some

small (less than 1 cm) angulardark fragmentsin the dark matrix.

We are suspiciousthat at least some of them might be composed

of serpentine.

The dark to dark green, finegrained,dense and massivedamkjern-

ite rock with characteristic"booklets"of biotiteis relatively

easy to recognizein the field.

	

2.4.2 Damklernitewith greya dolomiticmatrix.

Appearentlyassociatedwith the damkjernitedescribedabove, but

occuringin separatezones, is a porphyritic/brecciarock with

biotite phenocrystsand rounded (orbicular)and fragmentalin-

clusions (generallyless than 1 cm across),set in a grey, fine-

grained,dense matrix of dolomiticcomposition.The overall tex-

ture is, in other words, similarto the damkjernitedescribed

above.

Presumablyit is this rock type, which appearsto form a contact

zone between the typicaldamkjerniteand rauhaugite,that led

Sæther to believethat rauhaugitewas formedby replacementof

damkjernite.

The contactrelationsbetween the three rock types rauhaugite-

damtjernitewith dark matrix - damkjernitewith grey matrix, can

be seen in outcropat Loc. 142525/52245.The pictureshere demon-

strates that intrusiverelationshipsare more probable,and that

the rock type in questionis a separateigneousphase, distinct

from both rauhaugiteand "typical"damkjernite.
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2.4.3 Geneticrelationshipbetweendamklernitetypes.

The similarityin textureand spatialassociationof the two
damkjernitetypes,has led this authorto the conclusionthat
they are geneticallyrelated,as part of damkjerniteigneous
event. They have segregatedas a resulteitherof magmaticimmi-
cibilityor of crystaldifferentiationof silicatesand dolomite
(i.e.a temperatureseparation).What we now see, are "composite
bodies" (analogousto compositedikes).

2.4.4 Relationshipto other rocks.

Damkjernitedikes clearlycut rauhaugiteand are thereforeyounger
Large fragmentsof damkjernite(1 m across,maybe larger)occur
in the explotionbrecciadescribedin the next chapter,and it
was thereforeemplacedbefore this explosiveevent.

Both types of damkjerniteare "rødbergized"in places,but as
explainedin chapter2.6 and in T. Andersen'sreport,rødbergiza-
tion is a processthat overprintsmost of the rock types in this
area.

2.5 Ex losionbreccia.

The geologicmap (PlateI) shows that this rock unit forms a body
along the easterncontactof the Fen Complex.It was recognized
as a separateunit during last year mappingand Pack-Sack-sampling
in the Gruveåsenarea.

The rock is a cataclasite,with fragmentsof a varietyof rock
types and of very variablesize. In fact, it is difficultto
describea genuinematrix in this breccia,as the groundmassbe-
tween the larger visiblefragmentsalso consistof fragmented
materialdown to a fine powder (almostmylonitic).

The rock is thereforedistinguishedfrom a damkjernitebreccia
(damkjernitewith numerousxenoliths)and other breccia types by
not having an igneousmatrix.

Such a totallypowderedrock can presumablyonly form by a violent,
explosiveprocess,and the rock is thereforecalledan explosive
breccia.

The larger fragmentsof the brecciaare mainly of rødbergand/or
fenite composition,but rauhaugiteand damkjernitefragmentshave



- 10 -

also been recognized,showingthat the explosionwas one of thelater events to occur in this part of the Complex.
The easterncontacttowardsfenite (Loc.142550/52610)has indi-
cationof tectonicactivity,with intensecrushingand depositionof hematite,i.e. a fault zone. In my opinionthese featuresare
resultsof the explotion,wherebythe fenitewas intenselyshat-
tered and crushed.Gases and/or fluidsfrom this volcaniceruptio/caused alterationand recrystallizationof the adjacentrocks.
The explosionbrecciarock unit is recognizedin the field by
the variationin size and compositionof the rock fragments.It
is distinguishedfrom damkjernitebrecciaby lackingthe biotitephenocrysts,and not having the equigranular,finegrained,
appearentlyigneousmatrix.

2.6 Rødber - r dber ization.

Variationswithin the rødbergis describedby T. Andersenin an
accompanyingreport.A few generalcommentsshallbe added :
Andersendescribesa varietyof texturaland compcsitionalrela-tions within the rocks mapped as rødberg.The title of this chap-ter indicatethat this author regardsrødbergas being the resultof a process,which has overprintedand alteredother rock types,i.e. not an igneousunit, and the geologicalmap thereforeshowsthe areal extensionof this process.

It was our intentionto try to split up the rødbergunit and
classifythe varietiesaccordingto what they were before rød-
bergization.This turnedout to be very difficult.Only in someoutcropswe were able to see and recognizetexturalfeatures
which could indicatethe originalrock, but in most cases such
"primary"featureshave been either obliterated,or the rock didnot originallyhave any specificcharacteristics.
We see clear evidenceof rødbergizationof fenite (mainlyas
patches),rauhaugite(alongcertainzones,possiblystructural)
and the damkjernitevarieties.The explosion breccia contains,
as mentioned,fragmentsof massive rødberg,but rødbergizationof the groundmasshas also been observed.This indicatethat therødbergizationprocesstook place over a time span, probably
relatedto variouspulses of igneousactivity.
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Where we see clear texturefeaturesin the rødberg,the rock
has been given a specialsymbolon the map.

It has been consideredwhetherthe rødbergizationprocessmerely
involvedrecrystallizationof preexistingrocks,with exsolution
of hematitederivedfrom Fe-rich (ankeritic)dolomite,i.e.
without introductionof Fe and alterationof the overallche-
mistry. This is suggestedand discussedby T. Andersen.

Assays data for Fl, F2 and F3 drill cores does not totallysup-
port such a hypothesis.AverageFe-contentof Fl (32 assay zones)
is 8,6 % Fe, whereasrødbergin the same drillholehas an aver-
age of 14 % Fe (23 assay zones).Averagefor F2, which is vir-
tuallyall rauhaugite(40 assay zones)is 10,4 % Fe. F3 consist
dominantlyof rødbergwith an averageof 17,7 % Fe. It therefore
appears that the rødbergis higher in Fe than rauhaugite,indi-
cating an introductionof Fe during the rødbergizationprocess.
The differencesare, however,not so marked,and it is possible
that rauhaugitemight have originallybeen enrichedin Fe in
certainzones,which later have been preferablysubjectedto
rødbergization.

Examinationof massiverødberg (fromthe mine dump) under CL
revealsthat it is composedof both calciteand dolomite,in
accordancewith Andersen'sobservations.The dolomitegenerally
show a red luminescence,indicationa Fe-poorvariety (lumini-
zationwill be quenchedwith a Fe-content> 1 % in dolomite,
A. Mariano,pers.com.).The rauhaugitedolomite,on the other
hand, show no luminizationgenerally,and thereforeappear to
be richer in Fe. This should supportthe idea of "isochemical"
transformationof rauhaugite--4rødberg (Andersen),but petro-
graphy done so far is far to scarce to be conclusive.

2.7 Ma netite-richbasic silicaterock.

ThiD is generallya finegrained,dense, dark grey to greenish
rock, characterizedby high magneticsusceptibility( 5-10 mt).

It has mainly been observedalong mine walls and in mine dumps.
It's relationto the rødbergand in particularto the massive
hematiteveins has not been studiedin detail,but it appears
to cut the rødbergand is itself transectedby hematite veins.
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In an area NW of the farm Gruben (Loc.142200/52700- 142300/
52750) there appear to be a more extensivebody of this rock
(mainlyrevealedby magneticsusceptibilitymeasurementsin a
sparselyoutcroppingarea).

Late dolomite- carbonatite(breccia).

In the Fen Adit there occur a body of white-grey,massive dolo-
mite-carbonatitewith frequentinclusionsof red patchesof
rødberg- partly hematite-rich.A fragmental(breccia)structure
is marked in some parts,with angularfragmentsof a more grey,
"impure"dolomiterock resembling"ordinary"rauhaugite.Simi-
lar featureshave also been noted in rauhaugitein the "veg-
skjæring"section,but here we have not seen rødberginclusions,
and they were thereforeregardedas variationswithin the rau-
haugite.

Because of the rødberginclusionsand rauhaugitefragments,this
rock has been interpretedas a late dolomiteintrusivebody.
Bearing in mind a model of enrichmentof special (and valuable)
elementsin late stage magmaticsegregations,this rock is of
specialinterest,and it has been sampledin the Fen Adit by
Olmore.

Pink fels ar-richrock.

Within the area comprisedin this report,this rock has been
observedin two outcrops (Loc.142415/52675and Loc. 142420/
52630) i.e. some 50 m apart. It possiblyforms a dike-likebody,
which, in case, appear to cut throughdamkjernite(see Plate I).

The rock is pink, massive,with variationsin grain size. Pink
fsp. is the dominantmineral,but some chloriteand possibly
other mafics are observedas irregularpatches.A similarrock
has been mapped by Olmore furtherwest (alongthe shore of lake
Norsjø).We have consideredthe possibilityof callingit a
syenite,but hesitateto do so with the limitedpetrographic
data we have.
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2.10 Diabase.

Two dikes of finegrained,grey, massiverock are mappedas dia-base, and believedto be relatedto the Oslo GrabenigneouseventThey occur in the road-cutapprox.75 m W of the Fen Adit portal.
The distinctionbetween this rock and the magnetite-basic-sili-cate rock (if any :) shouldbe established.

	

3. MINERALOGY.

In additionto the mineralogicalstudiescarriedout by T. Ander-sen (seeaccompanyingreport),this authorhas done some detailedstudiesof three mineralphases which were encounteredduringmicroscopicexaminationof rauhaugitesamples.

	

3.1 RE-minerals.

In three thin sections (samplesDDH Fl - 22,4m,Fl - 66,4m and10KM79),a fibrousmineralwas detected.It occursas radialaggriegatesdispersedthroughoutthe dolomiterock, and in sample10KM79 it is enrichedinveinsassociatedwith baryte.This samplewas examinedby microprobe,which gave the followingcomposi:ion:
Element % element % oxide formula

Ca 3.336 4.668 1.040
Ce 31.348 36.717 2.796
La 20.769 24.357 1.868
F 5.635 8.007 3.706
Th 1.034 1.177 0.056
0 12.804 0.000 10.000

Total 74.925 74.925




SEM examinationshowed that the fibreswere composedof twophases (Fig. 3), and EDAX-spectrarevealedthat both phaseswereCa-containingRE-fluorides,but with differentCa-content(Figs.4 and 5). They are probablyan intergrowthbetweenparisiteandsynchisite.

3.2 Baryte.

This mineral occurs as aggregatesof equant,low birefringentgrains, evenly dispersed.As mentioned,it is enrichedalongveins in sample 10KM79.
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Under CL it shows a pale bluish grey luminescence.Microprobe
analysesconfirmedthe presenceof Ba and S-lineson EDAX-
spectra.

3.3 Ilmeno-rutile.

This mineralwas first detectedin sample 111(1479,where it makes
out approximately5-10 % of the TS (visualestimate),as euhedral
crystalsand crystalaggregatesdispersedthroughoutthe rock.
It was identifiedunder the microscopeas rutile,but microprobe
analysesrevealeda rather complexcomposition

Element% element% oxide

:

formula

Ti 43.562 72.664 8.217
Nb 7.354 10.519 0.715
Ta 6.936 8.469 0.346
Fe 3.648 4.693 0.59:
Mn 0.060 0.077 0.013
ba 0.356 0.498 0.083
Sn 1.139 1.446 0.38"
V 0.216 0.318 0.333
0 35.414 - 20.303

Total 98.685 98.685




Accordingto this analysesthe mineralcontainsa significant
amount of Nb and Ta, and some Sn, in additionto Ti and Fe.

The TaL-line,which the analysesis based on, lies very close to
a SiL-line,and the computerwas thereforealsc progrannedto
analyse for Si. This, of course,changedthe va:ue for Ta drarza-
tically,as most of this peak was countedas Si :

Element% element% oxideformula

Ti 44.287 73.873 7.874
Nb 7.188 10.282 0.659
Ta 0.052 0.063 0.002
Fe 3.737 4.807 0.570
Mn 0.061 0.079 0.013
Ca 0.355 0.497 0.2-5
W 0.0 0.0 3.0
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Element
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% element % oxide formula
Sn 1.134 1.440 0.081
V 0.220 0.323 0.037
Cr 0.0 0.0 0.0
Si 2.845 6.087 0.863
o 37.573 - 20.000

Total 97.452 97.452




I.e. negligibleamountof Ta, but we also got a poorer "total"-
figure.

The rutile mineralwas subsequentlyexaminedby SEM, and fig. 6
is a back-scatter-electronimage showingthat the crystalscon-
sist of the two phases :

a grey phase, with Ti, Fe and some Nb as the major components
(EDAX,Fig. 7),

a white phase,with Ti and more.Fe but with littleNb
, (EDAX,Fig. 8).

Ta did not show up on EDAX on any of these phases,but a Sn-peak
was obtainedin phase 2.

Based on the SEM BSI-picture,the two phaseswere again analysed
by anothermicroprobe(at SI), with a spectrometerattached to
it, which enablesa more specificanalysesof the exact wavel-
lengths for Ta and Si. NeitherTa nor Si showedup !

The rock sample 11KM79was also assayedby XRF (± 30 % relatively
accuracy),but no Ta was detected.

The compositionof the ilmeno-rutileis howevernot resolved.
The two microprobesused, and the SEM unit give deviatingresults
as far as Ta is concerned,and more work is required,preferably
by someonewho can offer better standardsfor the elementsin
question.

In Deer, Howie and Zussman (1966),ilmeno-rutilewith 15 % Ta
and 10 % Nb is described,and Sn is appearently"typical"in Ta-
rich varieties.

Rutile grains were detectedin a number of rauhaugitesamples,
and it is also present in the matrix of carbonate-rich(dolomitic)
damkjerniteand in rødberg.Amli (1974)describedilmeno-rutile
as a relativelycommonmineral in rauhaugiteand rødbergsamples
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from the "vegskjæring"area, but he did appearentlynot analyse

for Ta.

	

4. MINERALIZATIONS.

	

4.1 Hematitemineralization.

Study of the extent and natureof hematitemineralizationhas not

been a prioritymatter this season.Most of the mine pits are

marked on the maps. The walls of these pits representgood out-

crop,butthey are very difficultto get to. So far only general

mappinghas been done on accessiblesections.

Hematitedepositionseem to be associatedwith fault zones,with

a generalNW direction(120g)•Crossingdirectionsare also

developed.

It is remarkablethat massivemagnetite-bearingbasic silicate

rock often seem to occur along the walls of the stopes.A pcs-

siblegeneticconnectionis thereforeindicated,for instance

that fault zones cuttingthe magnetite-bearingrocks formed

channelwaysfor oxidizingfluidswith alterationof magnetiteand

Fe-silicatesto hematite.

	

4.2 RE-mineralization.

As mentionedin a preceedingchapter (3.1),RE-minerals7.ccuras

dispersedaggregatesin rauhaugite,and are enrichedalong veins

togetherwith baryte.

The averageREE-contentof rauhaugiteand rødbergis too low to

make ore grade (FSJ-investigations).A secondaryvein type of

mineralizationmay, however,result in a localenrichmentin

certain zones in the carbonaterocks.Such appearentsecondary

enrichmenthas been describedfrom Tuftestollen(01more,1981),

where it is associatedwith magnetiteand pyritealong an assumed

fault zone.

	

4.3 Nb-mineralization.

Amli (1974)identifiedboth columbiteand Nb-containingilmeno-

rutile in his samplesof rauhaugitefrom the "Vegskjæring"ares,.

He staes that : "A generalimpressionis that Nb-rutileoccur
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in ordersof magnitudemore frequentthan columbite"(page41).
Chemicalassays show an averageNb-contentof all samplesana-
lyzed so far of only about 0,1 % Nb. A Nb : Ta ratio of about
10:1 will, however,greatlyenhancethe value of this mineral.
This means approximately1 % Ta in ilmeno-rutile,or 0,01 % Ta
in an "average"rock sample.This is close to the detection
limits for the analyticalmethodswe have used, so the rutile
remainsan importantpiece in the puzzle.

	

4.4 Fluoritemineralization.

Rather massive fluoritemineralizationhas been observedin two
localities:

Loc. 142800/52065.
Loc. 142900/51955.

Loc. 1 has been chip-sampledover a ? Z 2 m area. The sample
contained9,5 % F, equivalentto approx.20 % CaF2.
This localityis situatedat the edge of a basic silicaterock,
but the fluoriteseem to sit in rauhaugite.

A carefulsearch for more CaF2 along the shore of lake Norsjø,
towardsBolladalen,was carriedout, as this zone may represent
a continuationof a possible "Bolladalenfault zone".We did
not find any CaP2 along this section,nor any evidenceof tec-
tonization.

	

5. GENERAL COMMENTS.

It is, of course,prematureto suggesta model forthe evolution
of the Fen Complexbased on the work that has been done far, but
this author should like to point out some strikingfeatures.
The Fen AlkalineComplexis assymetrical.The SW sector is domi-
nated by basic silicaterocks - melteigitesetc., at leastpartly
relativelycoarsegrained.TowardsNE, søviticcarbonatitesstart
to appear,as dikes and largermasses,probablyassociatedwith
a mafic silicatephase. A centralzone, extendingfrom Tufte to
Vipeto, is dominatedby mixed carbonatites(calciteand dolomite)
Further NE-wards,rauhaugite(type II of Brøgger)has the largest
areal extent.In the NE sector of the complex,rødbergbecome
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more frequent.The rødbergizationprocesshas thereforebeen
more extensivein these parts.An explosiveevent createdthe
rock along the NE margin.

This picturemay indicatean evolution,from more deepseatedmag-
matic rock to the SW, possiblehigher level intrusivesin the
centralparts and a sub-surfaceexplosivephase in the NE corner,
i.e. a youngingand higher level volcanismfrom SW to NE.

The rødbergizationprocesshas accordinglybeen more pronounced
in the higher levelsof this sequence,and thereforean oxidation
processin a near the surfaceenvironmentmight be a possibility,
as opposed to a chemicalone (stabilizationof Fe3+ by intro-
ductionof alkalinesolutions,A. Mariano,pers.com.).

Stabekk, 30-9-1981.

414(4%,Møttk
KristenMørk
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REE-ANALYTICALTECHNIQUESAT THE MICROPROBE.

REE-analysisdo not ordinarilybelong to the routinemethods at an

electronmicroprobe.Analyticaldifficultiesare causedby the

closenessof the X-ray emissionlines in the spectraof the individual

elements.The REEs show interference-,mass-absorbance-and fluor-

ecence-effectsstrongerthan any other group of elementsin the

periodicsystem.Neverthelessseverallabs have developedtechni-

ques to determineREEs in high consentrationsin minerals.

AmliettGriffin (1975)developeda method for quantitativeanalysisof

all the REEs with a wavelength-dispersivemicroprobe.This method is

both time- and work consuming,and demandsextensivecomputertreat-

ment of the microprobedata. It is, however,possibleto do this

kind of work at the Museum.

The existingmicroprobesetup at the Museum (ARL-probewith LINK-

system energy dispersiveanalyser,program ZAF-4/FLS),all
ows simul-

taneousquantitativedeterminationof 14 elements,when the REEs are

excluded.Becauseof the complexityof REE-spectramorecomputer

capacityis demanded,which impliesthat fewer elementsmay be ana-

lysed at the same time.

The Fen-rocksand mineralsare generallyheavilyenrichedin the

lighterREEs (La-Ce-Nd).Thereforeit was decidedto try standardizing

these elements (andmaybe Eu) at the microprobe.By excludingcertain

overlappingareas in the spectra,satisfyinganalyticalresultswere

obtainedfor La and Ce. So far standardizationfor Nd has not been

possible,due to lack of a suitablestandard.(A Nd-standardwas

orderedfrom IFE in early August,it has not yet been delivered).

The table below shows an analysisof a glassy mix of La and Ce oxides.

(ElementalCe/La = 4/1). The fit to the true compositionmust be con-

sideredacceptable.Note however that the large ZAF-correctionfactor

for each of the REE-elementsdecreasesthe analyticalprecision.

The main advantageof this techniqueas comparedto the wavelength-

dispersivemethod,is its extremerapidness.A partialanalysisof a

simple REE-mineralsuch as bastnåsiteis completedin about 5 minutes

On the other hand, its applicabilityto more complexREE-minerals

(e.g.silicates)has so far not been tested.
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An expandedversionof the computer-programused (LINK'sZAF-4/FLS+),
with a capacityof altogether30 elementshas latelybeen developed.
The Museum is consideringbuying this system in the near future,at a
cost of around 25 000 Nkr.

If this system is installedat the probe, it would be possibleto ex-
pand the field of interestto all the REEs, and probablyalso to ana-
lyse REEs in more complexphases than is possibletoday.

Reference :

Amlie, R. and Oriffin,W.L. (1975) : Microprobeanalysis
of REE-mineralsusing empiricalcorrectionfactors.
Am. Mineralogist,60, pp 599-606.

SPECTRUM : LA/CE STD N8

LAST ELMT BY STOICHIDMETRY




30-6-1981

FLMT ZAF % ELMT % OXIDE -FORMULA
LA 1.004 17.105 20.060 373
CE 985 64.899 76.015 1.402
SI 986 1.348 2.883 145
AL 689 252 476 028
CA 1.317 078 110 005
0 399 15.862 000 3.000
TOTAL




99.544 99.544




Electronmicroprobeanalysisof a standardglass with elemental
Ce/La ratio of 4/1 (obtainedresult 3.6).



1 /

1
1

1
1
1
1

1
1
1

I.

REPORT II 1 9 8 1 :

SURFACEGEOLOGY OF THE CENTRALGRUBEASENAREA,

EASTERNFEN-COMPLEX.

By: Tom Andersen
28-8-1981



A/bs

SURFACEGEOLOGYOF THE CENTRALGRUVEASENAREA,

EASTERNFEN-COMPLEX.

This part of the commonreport (writtenby Andersen)is concerned
with the occurrenceof "rødberg"(a carbonatitestainedred by dis-
persed hematite)in the Gruveåsen-Bolladalenarea in the easternFen-
complex. It is based on fieldworkdone by Andersenin May, July and
parts of August 1981. Some laboratoryresults (microprobedata) ob-
tained in the same period are also considered.The descriptiveparts
of the reportare concludedby some speculativegnetic remarks.
There must be viewed as ideas that could (or should)be testedby
furtherfield-,geochemical-and mineralogicalwork. The author leaves
the Fenco-staffat the 1. september1981,but he hopes to be able to
continuework with these and other Fen-problemsin his new position
at the University.He also looks forwardto cooperatecloselywith
the Penco-Unionstaff.

a) Rdberga_petrographyand field occurrence.

In hand specimenthe rødbergis characterizedby a dark red to
carminecolour on weatheredsurfaces,and by a grey to reddish
grey colouron fresh fractures.

The mesoscopistructureof the rock varieswidely.It has proved
convenientto definethe followingfour "field-types"of rødberg :

Homo enous rødber - A finegrained,"structureless"rock,
sometimeswith minor medium grainedveins or blebs of red
calcite. Small scatteredmegachystsof greyishgreen chlorite
(presumablyaltredbiotite)occur in some areas.Hematitecan
be found as small, speculartabletsdispersedin the rock.
This subninitis dominatingin the westernpart of Gruveåsen
and in the southernBolladalen.

"Im ure" or silicatebearin rødber . - This is a rock-domin-
ated by carbonate,but it has abundantfine grainedsilicate
(mainlychlorite),forming lensesand veins.These are not
clearlyvisibleon weatheredsurfaces.Magneticsusceptibility
measurementsindicatethat this rock-typeis locallyrather
rich in magnetite.The "impure"rødberg can be found locally
in the western and centralGruveåsenassociatedwith the for-
mer unit. Gradualtransitionsseem to separatethese to varie-
ties of rødberg.
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abundanceratioof the phases).The textureis somewhatporphyritic.
The bigger crystalsshow Fe-contentsbelow the detectionlimit,but
the calcitecontainsome manganese(max. 2,7 mt % Mn0). The rather
erraticFe-richcalciterepresentpoint-analysisin the very fine-
grainedgroundness.It is more than probablethat the iron-values
are artifactsdue to exitationof hematiteinclusionsand crystals
along grain boundaries.

Contact-and age-relationsof the Rødbers.

Where the contactbetweenrødbergand raugaugiteis exposed,the
rødberg can be shown to cut throughthe older rock. This is observed
both at the apparentcontactof the main rødbergarea (loc.52400,
142400)and in a minor scale where rødbergis developedalong frac-
tures and crush-zones(e.g.at severalplaces in the brecciated
rauhaugiteexposedin the roadcutwest of the Fen-adit).
No definalcontactsbetween the units i) to iv) are exposedin the
centralGruveåsen.The petrographicvariationsobservedindicatethat
gradualtransitionsexist between units i), ii) and iv). On the
other hard, the fragmentaryrødbergmight have an unexposed,sharp
contacttowardsthe other units (themost promisingarea being the
densly coveredwoodlandwest and southwestof loc. 52700,142300).
In the brecciaexposedin the roadcuteast of the mine adit rødberg
occurs among the inclusions,and must thereforeat leastin part be
older than the formationof the breccia zone. The easternborder-
zone of the rødberg-fieldhas been studiedin detailby Mørk and
Foslie,and will thereforenot be consideredany furtherin this
part of the report.

Veins and dikes.

Severalveins and dikes are observedin Gruveåsen.Where the contact-
relationsare exposed,these are indicatedon the map.
i) Hematitedikes.Hematitedikes occur all over the Gruveåsin-area,

most of them have been partly removedby mining activities.
The old mine-mapthereforegives some structurallyimportant
information.

The main mineralin the dikes is always hematite(mostlyas fine-
grainedmasses, specularhematitehas not been observedin dikes
from the rødbergarea). Magnetiteand silicatesoccur in variable
amounts.Some compositeveins with alternatingbands of hematite



and coarseenhedralcalciteparallellto the walls have been
observed(e.g.at loc. 52475, 142345).

ii) Oxidizedcrush-zones. These are zones of veins a few dm to a
coupleof meterswide, consistingof a finegrained,brightand
porousmaterial.The veins are enrichedin hematiterelativeto
the surroundingrock, whether this is rødbergor rauhaugite.
The contactto the wall-rockis a gradual transitionover a few
centimeters.

iv) Ma netite-richsilicatedikes. These dikes are finegrainedand of

a grey colour.They have been found at a number of localities
all over Gruveåsen,and in most cases they seem to occur in con-
nectionto mine-systems,(the dikes themselvesdo not seem to
have been mined) as at localities52720, 142405 (sampleF 00649)
and 52605, 142400.The magnetite-richdikes are cuttingthe
rødberg,and show sharp contactstowards it. At loc. 52390,14320
a magnetite-richdike is cut by a (permian?) diabasedyke.

Minor veins and blebs of light brownish-yellow,translucent
ankeriteoccurs in the dyke at loc. 52495, 142364 (sampleF 00646).

Both the mine-mapand observationsin the field indicatethat
hematitedikes followa rather well definedstructuralpattern
with a most abundantdirectionof N 120°Ø. This directioncoin-
cideswith the most pronouncedfractureorientationin the area
(as interpretedfrom aerialphotographs).Magnetite-silicate
dikes and the few possiblepermian dikes observed (diabases)do
not follow this pattern.

d) Altred gneiss.

Altred gneissas describedby Mørk from outsidethe complexis present
as fragmentsin damtjerniteintrusivebreccia and as a bigger "raft"
in the rødbergaround loc. 52550, 142400.The contactstoward the
surroundingrocks are not exposed.

The gneissis brecciated,with a large number of veins of fine-grained
hematite-silicatematerial.These have little or no calciteand an
overallhardnessgreaterthan the rødberg.

I e) Damtderniteintrusivebreccia.

(Thephotographiccharacteristicsof damtjerniteand its inclusions
are describedelsewhereby Mørk).
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Unaltreddamtjerniteand a damtjerniteintrusive"megabreccia"

occupiesa ratherwell definedarea southwestof the Fen-aditen-

trance(around52600,142400).

The inclusionsin this damtjerniteare mainly altred gneiss,ranging

in size from centimetresto biggerthanthe individualoutcrops.

Westwardsthis unit grades (?) into the gneiss "raft"described

above, to the east it is cut by the easternbreccia zone.

The groundmassis locallyoxidized,and might in placesbe considered

a true rødberg(loc. 52605, 142410).

f) Genesisof the rrIberg.

The rødberghas since the work of Brøgger (1921)been thoughtto be

of metasomaticorigin.Fe3+, REEs etc. should then have been intro-

duced to the rock systemby a fluid phase of unknownorigin.
•

Anotherpossible"rødbergizationmechanism"is that the pure hema-

tite-calcite(or hematite-dolomite-calcite)carbonatitewas produced

by otherwiseisochemicaloxidationof ferrocarbonatiteof rauhaugite

type. The data presentedin fig. 1 above seem to supportthis pos-

sibility.

It is howeverbeyond doubt that iron must have been mobilizedduring

the formationof the Fe-ore dikes. An aqueousvolatilephase in

equilibriumwith solid carbonateat low to moderatetemperatureis

unableto carry ferriciron in solutionin the necessaryconcentra-

tions to producea massivehematitedeposit (compareGarrels&

Christ (1965),fig. 7.11).On the other hand'additionof a proper

complexingagent to the system could increasethe mobilityof iron.

Under reducingconditionsFe2+ concentrationsin a fluid in equili-

brium with sulfidesare high enough to allow considerablemobility

of iron (Helgeron1969).

If the rødbergitselfhas been oxidizedwithout mobilityof iron,

the hematitedikes could be producedby oxidationof previous

ferrousdikes (e.g.magnetite-pyriterocks of the type known from

Tuftestollen,Olmore (1981)).This problem should be consideredin

the futurework with the rødberg.The problem of metasomatismvs.

"isochemical"oxidationis also of economicimportancein this part

of the Fen-complex.It would be of great value to find out whether

the high concentrationsof REEs locallyin the rødbergarea really

are due to some kind of metasomatism,or simplyinheritedfrom the

parentrock.
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MINERALOGY:

IDENTIFICATIONSAND CHEMISTRYOF FEN MINERALS,1981, I - A
PRELIMINARYREPORT.

This preliminaryreport summariseswork done in the period
15/3 - 1/9, 1981.

The mineralogicalstudiesdone on Fen-materialso far are re-
strictedto :

Identificationof phases and intergrowthsof phases from
sampleswith suspectedREE-mineralizationby means of X-
ray diffraction.(Debye-Scherrercamera).The X-ray runs
and the film developingwere made by cand.real.Borghild
Nilsen at the Mineralogisk-GeologiskMuseum, Oslo.
Analysisof known or suspectedREE-mineralsand other phases
of possibleeconomicinterestby electronmicroprobe(at the
Mineralogisk-GeologiskMuseum, Oslo).

Laboratoryfacilitiesand technicalassistancewere availableat
the Museum due to an agreementwith Fenco. In additionto the work
reportedhere,theauthorhas in cooperationwith dr. phil E.-R.
Neuman,been trying to developeanalyticaltechniquesfor REE-
mineralsat the probe. The resultsof this work are reportedse-
arately.

Results :



i) Hi h REE-sam le from Tuftestollen, F 00113 (provided b
S.D. Olmore).

The sample consists of medium- to coarse grained subhedral
magnetite and pyrite, with minor Eypsumand chlcrite. Inter-
stitial parisite (Museum film no. 25738 ) and bastnsite
replacing parisite (film no. 25734 ) were identified.

Table 1 gives partial composition cf cne point of each REE-
phase. (Note that Nd is not determined). An analysis of magne-
tite from the same sample shows very pure Fe304 with Ti and
V below detection limit.

4 ) Mineral sere ations fram r å rich dikes,

Gruveåsen.

Clusters of yellow to light brown grains occurring in minor
blebs and veins in several samples from the dump of the Fen
iron-mines were examined, also were somelight segregations
in a magnetite rich silicate dyke from central Gruveåsen
(sample F 00646).

The X-ray films snow interg— hs of different rhases, the
most common are : Ankerite, hematite, maznetite, goethite,
quartz and monazite (the only -nineral found, occurrång

as intergrowths with ankerite and geethite in a sample from
the mine dump).

No microprobe analysis has been periormad on this material.

ii4) YeIlow porous material from a dyke at the border of the
Carbanatite, E. Gruveåsen (K. M;(rk,sample 11, n).

The sample examined consists mainly of a soft, finegrained,
yellow mass with minor opaques and quartz. In thin sections
it has a pronounced pleochroism (yellow-brown). The mineral
gaves no lines on a, X-ray film, the chemical composition
seems to show little variation (table 2). The analysis and
the optical properties indicate a sheet silicate. Certain
identification is not possible without X-ray data.

iv) Fibrcus mineral from svite, H..tveitbekken(K. MOrk, sample
14, 1980).

This mineral (suspected to be wollartonite) is proved by the
probe analysis (table 3) to be an alkali-amphibole of the
riebeckite-magnesioriebeckitecompositional series (Ike 1978).
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Sheet silicatefrom the entranceof Tuftestollen(S.D.Olmore
1980 - sam le).

A probe-analysisof the mineral (suspectedvermiculite,Olmore,
1981) shows it to be a biotite.

Ne heline from the Meltei area.

A sample of pegpatitenephelinefrom "Urthite-pegmatite"
(Brøgger,1921) south of Melteig farm was analysedwith the
microprobe.The nephelineshows no compositionalvariations
within the single-crystalexamined, (tab. 4 gives the composi-
tion of onepoint),but it is unfortunatelyratherhigh in iron.
Along cracksthe nephelineis altred to a white mica. This
alterationproduct is present only in minor amountsin the
section.

Even if the iron contentof this sampleis much too high for
the nephelineto be of any economicinterest,some more analy-
tical work shouldbe carriedout to checkwhether this is re-
presentativefor the entire "melteigite-complex".Unfortunately
the existingthin sections (Hydro-samples)are all glass covered.

More analyticalwork is currentlybeing done by the author in
cooperationwith S.D. Olmore and project leaderMørk. Hopefully
we will be able to presentmore compositionaldata for REE- and
Nb-Ta-mineralsduring the autumn.Furtheranalysesof REE-
phases shouldhoweverbe postphoneduntil it is possibleto
obtain satisfyingresultsfor Nd.
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Table 1.

Partial compositionof parisite and bastneesite,sampleF 113,

Taftestollen.

tf4-..PARISITE.TUIFItSTdLIEHFEM:--4,- -.4

IffilyMT BrsWITI1CHIOMETP1
ir l

	

..: _
ELM7 iZmF -.ELMT'.D:IDE
Aslh 4 .92121.16924.325

a
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670
00c.
008
000
536
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-PECTPUM: BALTMAE:ITE.FEM

tA:-TELMT BY STOICHIOMETRY

FLMT AF %ELMT DE

LA .917 10.406 12.204

CE .898 13.432 15.733

fl .976 .443 .949

AL .698 .435 .922

FE 1.095 11.555 14.965

CA 1.200 1.253 1.753

F 1.273 3.264 4.639




.411 10.176 .000

TDTAL




50.964 50.964

1
6,7-81 T.A. FENCU

FOFMULA
353
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074
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97b
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Table 2.


Compositionof yellow mineralpsampleKM11,from the eastern

border of the Pen carbonatite,E.Gruveåsen.The'probe analysis

also indicatessome fluorine.

- PECTRUM: GULT MINR. FEN 11/K.M.

LAST ELMT BY STOICNIOMETRY

FLMT ZAF ':ELMT %OtallE FOFMuLA
;I 1.006 14.832 31.729 2.296
TI .886 .012 .020 .001
AL .835 9.779 18.478 1.576
FE .949 23.184 29.825 1.805
mm .839 .000 .000 .000
MG .782 5.655 9.426 1.017
CA 1.011 .160 .224 .017
NR .622 .298 .401 .056
K 1.039 3.160 3.807 .351
0 .490 36.801 .000 10.000
ToTAL




93.910 93.910




HEXT=6



Table3.


'Probeanalysisof alkali amphibole from sevite,Håtveitbekken

(an intermediatemember of the riebeckite-magnesioriebeckite

series) from sample KM 14 .

.7DECTPUM: K.M. 14 FEfl'UFJEHT FlIcIS
T.R. FEHCO-31.7.81

tAlT ELMT FY ST3ICHIUMETRY

F3PHYLA

3.1156

09
000
476
000

4.531
357

1.510
1E4
0nu

23.u00

=LMT ZAF *.ELMT ',.0.:IIIE

SI 1.059 25.440 56.551
TI .9:1 .161 .263

AL .339 .000 .000

FE .910 3.099
-. .-:.7

MN .9 06 .000 .000

MS .376 12.994 21.547
CA .972 4.057 5.676

NA .736 4.319 5.3=2

1.091 .743 .:401

.315 .000 .000

.476 42.944 .000

TWAL 94.763 94.763



Table4.


'Probe-analysis(scanoveron
e singlecrystal)of nepheline

from urthitepegmatite,Sof Melteigfarm.(Sampledby

T.Andersen1981)

- pECTFIlm: FaFTS. :CAM,IIEF.
TA FEriCo .9. 06 . c i

11IS:T ELMT Ef :TOICHIOmETRf

I. FLmT ZAF '.ELMT ‘0,IDE FOPMULA

I 11 :I
1.005 19.615 41.960

4.0?4

TI .829 .041 .069 .005

. AL .922 18.288 34.555 3.915

r • .000
FE .914
MN .808

.490 .630

	

.000
.051
.000

MG .850 .084 .139 .020

i CA

	

.962 .347 .486 .050

MA .834 11.759 15.851 2.955

K 1.000 6.117 7.369 .904

G .483 44.218 .000 16.000

i113TAL 101.059 101.058

mElT*1
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