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Tidli ere undersokelser.

Gabbro-bergartene i Dalsfjord-omradet har vært gjenstand for mineralogiske undersøkelser og gruvedrift i flere
periodcr sidenbcg. av 1900-tallet.

Innhold av massive-og impregnasjons-forekomster av magnetitt/ilmenitt-malm i dette området har derfor vært
kjcnt lenge. Dc ncvnte bergarters tilknytning til eklogitt og de muligheter som ligger i dette. bl.a. rutil-
mineraliseringer. var mindre kjent for et program for slike undersøkelser startet midt på 1970-tallet.

Etter den tid, er mye gjort også på dette feltet, og spesielt de siste 2-3 år etter at Du Pont fattet interesse for
denne typen bergartcr som mulig Ti02-kildc i 1991.

lernmalm-forekomstene ved Gjolanger (Saurdab ble rel. nøye undersøkt av Cristiania Spigerverk i 1950-arene
med sikt pa tilskudd av Fe-Ti-V-maIm til Bremanger smelteverk. Det ble boret ca. 1400m kjerneborhull,
vesentlig mot områdene med massiv magnetiWilmenitt-malm. Ett av hullene. Dbh. 8. ble imidlertid boret
gjennom det som senere er benevnt som Saurdal-eklogitten, og dette materialet er gjennomgått pa nytt i forb.
med arbeidet de seneste år, ref. App. 1 i rapport av A.Kornelussen & al.. Vedlegg 2.


Undersokelser de seneste ar.

Utfort arbeid.

I 1992-94 er det gjennomført rel. omfattende undersøkelser av eklogitt-bergartene i omradet, inkl. geologisk
kartlegging/prevetaking, geofysiske målinger badepå bakken og fra helikopter. og kjerneboring av utvalgte
anomalicr.

Hensikten med arbeidet har vært først og fremst a se nærmere pa omfgan og kvalitet pa rutil- og granat-
innholdet i dc nevnte bcrgartcr.

Organisering, finansiering.

Gcologisk kartlegging. provetaking og analyscr cr for dct meste planlagt og praktisk gjennomfort som ct
samarbcid mellom NGU og Garnet AS, og mcd Du Pont som cn viktig støtte ved utforming av program-
innhold og som økonomisk bidragsyter. Det samme gjelder forsavidt også det gjennomførte helikopter-
programmet vedr, geofysiske målinger.

Garnet AS har foruten feltmessig bistand vedr. geologiske arbeider generelt. hatt som viktigste oppgave a være
koordinator for gjennomføring av kjerneborings-programmer både i 1993og 1994/95. Videre er det utfort
rekognoscrende oppredning- og proscss-undcrsøkcIscr vcdr. framstilling av granat-konsentrat.da vi har
vurdert dettc som den mcst nærliggende mulighet for økonomisk utnyttelsc av cklogitt-mincraliscringcn.

Proscss-arbeidet cr bl.a. utført i samarbeid mcd Dcnvcr SALA. sc rapport vcdlagt. vedlegg 3.

Utfert arbeid 1994

Som ncvntovenfor,harfcharbcidcti 1994 værtkonscntrcrtomkring4 ulike hoved-oppgaver-

Æ Gcologiskkartlegging.provetaking
Geofysikk
Diamantboring

D Prelim. oppredningsforsok
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Geologisk kartlegging. prøvetaking.

Dette arbeidet har hovedsaklig foregatt i omradene s-vdog vest for Saurdal/Risaskardet mot Hellevikagen og
Dresdal/Sellevoll. se vedl. kart. Vedlen I. Hensikten har vært å forsøke a knytte de ulike eklogitt-
mineraliseringene sammen til et mer helhetlig bilde geologisk/stratigrafisk. På grunn av de tektoniske
aktiviteter i området, er dette et svært vanskelig arbeid som på langt nær kan sies a være ferdig.

Arbeidet er planlagUkoordinertav NGU/Du Poni som også har finansiert det meste, men også med bistand fra
Garnct AS/Prosp.fondctfinansiclt og praktisk feltarbcid fra Garnet AS..

Geofysikk

Dette arbeidet er utført i form av et helikopter-program som maler magnetometri og radiornetri. Det er målt
over et vel 200 km2 stort område fra Fure i vest og østover forbi Flekke og mot Sande. se kart vedlegg 1.
Arbeidet ble gjennom-ført høsten 1994. Kart og rapport forela først vinterenivaren 1995. slik at hovedoppgaven• i 1995vil være gcologisk oppfølging av fremkomne anomalicr i markcn

Alt arbeid under dette kap. er planlagt og utført av NGU. finansiert av NGU/Du Pont. og NGU star for
rapportcring.

Diamantboring.

I omradet rundt Saurdal/Risaskardet ble det i oktober-januar 1994/95gjennomført et mindre kjernebor-
program.. Hullene var planlagt og plassert pa grunnlag av geofysiske anaomalier fra et bakkemag. program
gjennconfort i 1993 (Lauritzen 1993). hvor dct kom fram nocn rei. kraftige mag.anomalicr i ct sterkt
overdekket. delvis myrIenchomrade med svært få blotninger.

For a fa dette undersøkt nærmere, ble det derfor besluttet a prøve kjemeboring. Avhengig av resultat, var det
planlagt inntil 3 hull for å få en best mulig oversikt over mulige mineraliseringer.

Dhlt. S 1 er satt i en skraning like ovenfor kanten av et rel. stort myromrade syd for Hovden, se kart vedleha 1.
og rapport. vedlehh 2.


Omradet benevnes ogsa som Risaskardet. På grunn av utstrakt hjortejakt i området, ble arbeidet med boringen
forst startet etter 25.oktober. Etter en periode med myc nedbør, bod det på rel. store utfordringer å fa borutstyret
fram til borcplassen mcd bruk av traktor-transport!!

Hull 1blc pasatt med 70g fall mot N. og ble boret til vel 60 m. da det oppsto problemer med ras i hullet og
pafolgende fastboring. Under arbeidet med a fa borstrengen løs. flyttet selve borriggen seg noe, slik at det
etterpa viste seg umulig a finne igjen pahugget under jordbandet. Videre progresjon mot dypet. innebar derfor
boring av nytt hull.
Borkjernen ble logget og malt med X-MET. og uten at det ble lokalisert spesielt interessante skjæringer. Ti02-
innholdet var svært lavt, og litc cklogitt cr synlig. Den magnctiskc anomalien skyldestrolig klorin-amfibolitt-
sWer med magnetitt som er synlig i dm-tykke band, se forøvrig en mer utførlig kjerne-logg i vedleu 2,
App.4

Pa grunnlag av disse rel. negative resultatene, ble det besluttet å forlate borplassen og starte boring i posisjon
S 2. Dcnne liggcr 400-500 m SØ for SI og 60-70m hoyere opp. Med erfaringene fra transporten til borhull 1 i
friskt minne, ble det raskt besluttet å satse pa helikopter-transport til S2 og videre til S3!

Bortsett fra litt venting i forbindelse med darlig flyvær. gikk dette meget bra.
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Dbh. S 2 er pasatt med samme retning som S 1. NI0 Ø. og med fall 65 . Hullet er boret til 136 m og skjærer
en frisk eklogitt-sone med rcl. godc Ti02-vcrdicr mcllom 60 og 115m. dog mcd mangc gneis/amfibolitt-soncr
innimcllom. sc mcr noyaktig logg i Ann.4, vedlegg 2.

Et skjematisk profil som viser borhull S1 og 52 i forhold til utgaende eklogitt-sone og gammelt skjerp. er vist
side 3b i rapport, vedlegg 2. Dct kan hcr sc ut som om cn reI, flatt-liggende cklogitt-sonc mcd magnctitt/
ilmenitt strekker seg mot S under åsryggen kalt Lianc, se top.kart. M=1:5000side 3a i rapport, vedlegg 2.

Etter ca. 115 m er bergarten vesentlig gneis, og hullet ble derfor avsluttet ved vel 136nt da anomali-arsaken
trolig var dokumenten. og siden det ikke var indikasjoner pa dypere-liggende formasjoner av interesse.

Dbh. S 3 er pasatt i selve Sørdalshaugen for a skaffe ytterlige informasjon vedr. mektighet og kvalitet pa
eklogitten her, og med spesiell vekt på variasjon i rutil-innholdet.

Borhullet har retning N100 som dc to andrc, og fallet cr 70 N. Hullets førstc dcl gjennomskjærer en rcl. frisk
granat- og titanrik eldogitt til ca.50m. Deretter folgcr cn rei. lang sckvens med rctrogradcrt ckloglit. men
fortsatt godc Ti02-vcrdicr (vesentlig som ilmcnitt) ncd til ca. l3Orn.Videre cr det mcr variablc bergartstyper
mcd cklogitt - dclvis retrogradert. amfibolitt- og kloritt-soncr som vckslcr hyppig. Fortsatt rcl. høye T102-

11/ 	 vcrdicr. mcn vesentlig som ilmcnitt.EnkcItc mindre soncr (dm) med massiv magnaitt-ilmenitt-malm. cr sterla

magnctiskc.

Det cr titanrikc bergarter til ca. 155 m. dcretter folgcr cn sekvens med kloritt-amfibolitt-bergancr. delvis med
magnetitt-soner som tynne bånd. Dette minner mye om det som ble observert i bh. SI og S2. og kan indikerc
en stratigrafisk tilsvarende posisjon. Fra 183 m er bergarten for det meste bandet gneis. noe som tyder pa at
eklogitt/arnfibolitt-formasjonen pa det nærmeste er gjennomboret. selv om en ekstremt titan-rik sone (63.4%)
ved 190m (70 cm) kan tyde på noe annet. Hullet ble avsluttet pa 193m, se forøvrig mer omfattende kjerne-logg,
App.4 i vedlegg 2.

Diskusjon vedr. resultater, konklusjon.

Resultatene fra S 3 viser rel. godt samsvar med resultatene fra re-analysering av Bh 8 (1955). som ogsa
gjennomsettcr Sordals-cklogitten ca. 500 m lenger Ø. Variasjoncn i rutil-whalten i Bh. 8 cr vist i fig. 7 i
rapport. vedlegg 2. mens en tilsv. analyse av bh. S3 enna ikkeforeligger.

Faktum er imidlertid at totalt titan-innhold i eklogittene ved Sordal er rel. heyt, ca. 3-4% i
gjennomsnitt.

411 Forholdet mellom ilmcnitt og rutil varicrcr imidlcrtid myc. og dcttc har sammenheng mcd tildels ornfattendc
retrogradering av eklogitten, noc som omvandlcr rutil til ilmcnitt og sck. magnctitt. I gjcnnomsnitt syncs ca.
1/3 av Ti02-innholdet a foreliggc som rutil. mens resterende 2/3 er ilmenitt.

Sørdals-eklogitten synes a bestå av en ca. 200m tykk "plate" som faller med 30-40 mot S. Bredden Ø-V er ca.
1km. og basert på helikopter-anomalien som er svært tydelig over dette området, kan utstrekningen mot syd
være

Forckomstcn represcnterer dermcd ct bctydclig volum, mcn kvalitctn m.h.t. rutiVilmenitt-innhold cr mcgct
varicrcndc. Div. alternativ vcdr, muligheter cr nærmer omtalt i rapport. vedlegg 2..

Arbeidet med oppfolging av nevnte helikopter-malinger vil fortsette i 1995. og det kan da trolig fastslas
nærmere hvordan forekomstens utstrekning mot dypet/sydforloper.

Når det gjelder mer detaljere opplysninger om det arbeidet som er uffort. henvises til rapport med bilag.
Vedleag 2.
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D. Oppredningforsok - eklogitt/granat.

Det er i lopet av høstenkinteren 1994/95 gjennomfort oppredningsforsok i batch-skala med en prove pa ca. 400
kg eklogitt. Hovedmålsettingen har vært a undersoke muligheten for fremstilling av blasesand-produkt v.hj.a.
gravitativ separasjon av eklogitt.

Produktet skal ha kornsterrelser i omradet 0,2 - 1,5 mm. sære mest mulig fritt for finstoff (stes) og holde
mest mulig granat

Tidligere forsøk har vist at dette er praktisk mulig men planen var na å fa dette gjennomfort som et skala-
forsok hvor nødv. parametere m.h.t. utvinning. tekniske data, produkt-kvalitet m.v. skulle doktimenteres
noye for scncre bruk i okonomiske lonnsomhets-kalkyler.

Fremstilling-metoden skulle som nevnt være gravitativ sep. og planen var a gjennomføre forsok med bade
vaskebord og spiral hver for scg. og event. i kombinasjon om det skulle visc scg intcrcssant.

Det ble gjort en avtalc mcd Denver SALA vedr. den praktiskc utforelscn av forsokcnc. og dc har igjen delvis
samarbeidet med Minpro i Strassa. Utført arbeid og resultater er nærmere omtalt i rapport. Vedlegg 3.

Resultatet viser at der er fullt mulig a fremstille rel. gode granat-produkter med nevnte metoder.
saskebord synes a gi detn mest selektive separasjon, mens spiral gir best utbvtte as total pasetning.

Event. supplerende scp.forsok samt vurdcring av lonnsomhet m.v. vil det bli arbeidet videre mcd i 1995/96.

4. Referanser vedl .

Vedlegg 1: - Geologisk kart over Gjolanger-ornradet med lokaliserte Ti02-anrikede områder
- Maganomalikart Lauritzen 1993. Saurdal-Risaskardet.
- Geologisk detalj-kart Saurdal cklogitt-komplcks mcd resultat av stavprøvetaking 1993

Vedlegg 2: Rapport A.Korneliussen & al. March 1995med bilag. App. 1-4

Vedlegg 3: Opprcdnings-forsok med cklogitt - Denver SALA.

Vedlegg 4: økonomisk oversikt vcdr. arbeid med granat/rutil-prosjekt Sunnfjord 1994.

Spjelkavik.. Juli 1995

Svein Parr
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Fig. 10. Map of the Saurdal eclogitic complex Sordalsvatner
showing Ti02 values
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Rutile-bearing eclogitesin the Saurdal-Risaskardet
area, Dalsfjord region,Sogn og Fjordane

Information .Nummarv Alardi 1995

By: A.Komeliussen, E.Eide, L.Furuhaug and L.P.Nilsson

I Previous investigations
2 General ueolouv
3 Oxide mineralization types
4 Geophysical results
5 Discussion of rutile ore potential
6 Conclusion
7 References

Fiuures:

Eiu. I : Sketch-map, Saurdal area.
Fiu.2: NS vertical profile, Saurdal
Fiu.3: SEM back-scattered electron image of massive maunetite-ilmenite ore

Averaue wt.% Ti02, Fe0 and Mu0 (x10) content in Saurdal ilmenite
Fiu.5: SEM back-scattered electron image of rutile-ilmenite interurowth.
Fiu. 61 SEM back-scattered electron imaue of ilmenite with hematite exsolutions.

Saurdal eclouite
Fiu 7: The variation of rutile, TiO2 and maunetic susceptibility along Dh8,

Saurdal eclouite

Appendix.

Analvses of Dh8 (1993)
Analvses of drill-dust samples (1993)
Electron microprobe analyses of ilmenite (1994)
Core-louus, Dh-S (Risaskardet), Dh-S2 (Risaskardet) and Dh-S3 (Saurdal quarry)
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Fig. 2a: N-S vertical profile,Saurdal.
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1. Previous investigations

At the beginningof this centurygabbroicrocksin the Dalsflordregionexperiencedprospectingand
small-scaleminingfor magnetite(Fig. 1) . The deposits,however,were foundto be smalland, due
to magnetite/ilmeniteintergrowths,the magnetiteconcentratesgeneratedhad a fairlyhighand
unwantedTi-content.

The companyRausand GruberAIS,a miningcompanyoperatinga vanadiferousmagnetite-ilmenite
depositnear Kristiansund,carriedout a drillingprogramforV-bearingmagnetiteat Saurdalin 1956.
Availableinformationfromthis 1956-investigationhavebeencompiledby Parr (1993).

In NGU's investigationsof rutile-bearingeclogitesin the regionin 1978-79,the eclogiteat the
northem side of the Saurdalmagnetite-ilmeniteore-zone(calledthe Saurdaleclogite)was identified
as rutile-bearing,but not regardedas beingof economicinterest(Komeliussen,1980).
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Five to six years ago a company started to quarry a white-mica rich eclogite variety at Saurdal for
block-stone. Due to cracks in the rock they had problems in taking out sufficiently large blocks and
mainly for this reason, the quanying has now stopped.

Four sets of chip-samples of eclogite taken in the block-stone quarry in 1991 contained 2.81% rutile
on average. These samples were followed up in more detail by the DuPontiNGU project in 1992 by
X-MET analyses directly on the rock surface over the eclogite body (Garson, 1993), and the drill-
cores from Rausand Gruber's 1956-investigation were relogged at Løkken, including X-MET
analyses on the cores (Garson, 1993; Korneliussen, 1992). Drill hole 8 (Dh8) was then, in 1993,
analysed in 10m sections for rutile and major elements, and the same year 107 drill-dust samples
were taken to obtain additional information on the rutile distribution over the eclogite body. In
addition, a ground-magnetic survey over the Saurdal eclogite was carried out westwards to
investigate the continuation of the Saurdal rocks in this direction. A magnetic anomaly at Risaskardet
was investigated by two drill-holes in late automn 1994 and, as a part of the same drilling program, a
third hole was put down from the block-stone quarry at Saurdal.The locations of these drillholes are
shown in Fig. 2.

2. General geology

The geology of Saurdal and its surrounding areas is characterized by basic rocks that range from
coarse, practically undeformed gabbros with preserved primary minerals, through several variations
of sheared and metamorphosed gabbros, to eclogite. These basic rocks are frequently intruded by a
low-K tonalitic rock that is deformed together with the metabasic rocks. Cuthbert (1985) has divided
this central part of the Gjølanger-Flekke area with its various basic and intrusive acidic rocks into
two units called the Flekke and the Gjølanger units respectively (Fig. 1). The area to the north
consists predominantly of paragneisses (Cuthbert's Vardeheia unit) and to the south predominatly of
orthogneisses (The Jostedal Complex).

Description of the major rock-types in the Saurdal area (modified from Cuthbert 198x):

Granitoid gneisses:

Tonalitic gneisses:

Amphibolites:

Gabbroic rocks:

Eclogites:

Chloritic schists:

•

•
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The region experienced Caledonian high-pressure metamorphism in which miscellaneous basic rocks
were transformed into eclogite. However, the eclogitization process was inhomogeneous and large
volumes of gabbroic rocks were not at all or incompletely transformed into eclogite. In the
eclogitization process, magnetite and ilmenite broke down, with the iron substituting into garnet and
the titanium remaining to form rutile. Practically all variations of rutile/ilmenite ratios can be found.

It is generally accepted that deformation associated with fluid infiltration stimulates eclogitization if
the pressure is sufficiantly high (Austrheim, 1990). Gabbroic rocks in the Gjølanger area are often
eclogitized along distinct shear-zones, but gradual eclogitizationof gabbroic bodies is also common
(see Cuthbert (1985) for a more detailed description of this phenomenon). All edo ites such as those
at Drøsdal and Orkheia are deformed and folded to ether with the surroundin eisse . The

eclogitic minerals seem to have crystallized under this deformation period. It is probable that
deformation and associated fluid infiltration is an important factor in the eclogitization of basic rocks
in the region.• Most eclogites in the region are retrograded. At Saurdal amphibolite facies retrogression is well
reflected in the alteration of omphacitic clinopyroxene to pale green symplectitic aggregates of
plagioclase and diopsidic clinopyroxene and hornblende. Rutile is normally not affected at the
beginning stage of this retrogression. During more extensive retrogression, i.e. amphibolitization,
rutile begins to alter to ilmenite and secondary magnetite starts to form.

The most extensive retrogression is chloritization; this is accompanied by the breakdown of garnet
and homblende, continuation of rutile alteration to ilmenite, and formation of more secondary
magnetite. The end-product of this retrogression is a magnetite-bearing chloritic schist. Chloritization
tend to be extensive along E-W trending late shear-zones. Such shear-zones tend to show up on the
VLF helicopter geophysical map; one such lineament go through the Saurdal area.

• 3. Oxide mineralization types

Magnetite-ilmenite ore in metagabhro

Magnetite-ilmenite cumulate layers and impregnations occur within the metagabbroic rocks. At
Saurdal such oxide enrichments were subject to small-scale mining for magnetite at the beginning of
this century. The ore occurs as irregular, less than one m-thick, closely spaced layers and lenses of
massive to semi-massive magnetite/ilmenite along the southem margin of the Saurdal eclogite body.

The nine drill-holes drilled in 1956 by Rausand Gruber, in total 1400 m, are available at NGU's core-
storage at Løkken. Eight of these drill-holes (Dhl to 8) are from four profiles approx. 150 m apart at
Saurdal, and one (Dh9) was drilled east of Solvik at the Gjølanger bay. The positions of these drill-
holes are shown in Fig. 2. The 1956-investigation did not identify any significant volumes of
magnetite-ilmenite ore. However, impregnations of Ti-oxides occur in eclogitic rocks on the northern
side of the Mt-Ilm ore-zone.• The Saurdal magnetite contains from 0.14% to 0.75% V and from 0.12% to 2.37% Cr, based on
Rausand Gruber's analyses of magnetite concentrates made from the drill-cores (Geis 1979). Of
these holes Dh8 is the only one that gives a good (207m) section through rutile-mineralized eclogite.



• Dh8 is directed northwards, cutting the eastem part of the Saurdal eclogite at depth. Dh I to 7 are
directed southwards (see Garson, 1993) and cut drn-thick zones of magnetite-ilmenite ore
surrounded by eclogite that has been variably altered.

6

•

Pig. 3: SENI back-scattered elcctron image of massive magnctitc-ilmenite ore from the old


Saurdal Fe-Ti mine tcf. Fig. 2L The magnetitc comains numerous tiny exsolutions of an Al-




bearing inineral that is probably spincl (NigATO;) and ilmenite. Ilmenite and spincl are not• distinguishable on this picture.
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Fig. 4: Average wt.% Ti02, Fe0 and Mg0 (xlO)content in ilmenite from the massive Fe-Ti
ore (cf. Fig. 3) and ilmenite from the Saurdal eclogite (cf. Fig.6), respectivelty. Analyses by
electron microprobe.The completeanalyses are given in Appendix x .

Rutile-ilmenite in eclogitized gabbro

•
Averagerutile,Ti02 andFe203contentin 5 sample-setsfromthe Saurdaleclogiteis giveninTable
1.ComparativelyhighTi02-valuesfor theX-METanalysesdirectlyon in-siturocksurfacemay
indicatethat the oxidestendto standout onthe rocksurfacemakingthembetterexposedthanthe
silicates.X-MET analysesdirectlyon the rocksurfaceare probablynot a reliablemethodfor
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collecting data when precise information on Ti02 content is needed. The X-MET analyses are,
however, fulty satisfactory in the reconnaisance stage at rutile investigations. Based on these results
the Ti02-content in the Saurdal eclogite is 3-4% with a highly variable rutile/ilmenite-ratio.

Table I: Average content of ninle, Ti02 and Fe20-, in different sample sets nom the Saurdal
eclogitc. (1) Chip-samples frorn the block-stoncquarry (Korneliussen 1994). (2) Field
X-MET analyses directly on the rock surfacc (Garson. 1993). (3) X-MET analyses
directly on Dh8-core (Korneliussen 1993). (4) Laboratory analyses of 10 m-scctions of
Dh8 (Korneliussen,1994). (5) Drill-dust samplcs (Korneliussen 1994).

Sampleset 1 2 3 4 5

Ti02 3.32 4.78 4.28 3,04 3,58

Fe203 17.21 18.51 18.63 20.79 20,18

Rutile 2.81




1.18 1.40

umenite 1,07




332 4.36

Rutile vs. 85 %




39 % 39 %

The arnount of titanium present as rutile is very variable. The rutile content tends to be highest
in low-rnagnetic samples with low- to intermediate iron content (approx. 20% Fe203, Fig.2 1c in

Korneliussen, 1994). Iron-rich samples contain less rutile and more ilmenite, and they are more
magnetic; they tend to contain magnetite as relics after the original oxide assemblage, or contain
secondary magnetite formed during the chloritization process. Large samples, such as the 10-m
sections of Dh8 and the drill-dust samples, may contain both types of rnagnetite.

•

• 5: SEM back-scattered clectron image of rutile-ilmenite intergrowth (left) in eclogite and secondary
magnetite formed during retrogression of the cclogite (right). Both pichtures arc from sample K663.78. Saurdal
eclogitc.
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•
rig 6 SEM back-scaucred clectron image of ilmenite with hematite exsolutions. Saurdal eclogite
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Magnetite - ilmenite in chloritic schists

The most extensive retrogression of eclogite is chloritization, this is accornpanied by the breakdown
of garnet and homblende, rutile alteration to ilmenite, and formation of secondary magnetite. The
end-product of this retrogression is a magnetite-bearing chloritic schist. Occasionally the magnetite-
content reaches 20-30%; such magnetite mineralizations were subject to some prospecting activifies
at the beginning of this century, but the deposits were not of sufficiant size for mining. Relics of
garnet-amphibolite are commonly found within the chloritic schists.

111 4. Geophysical results

On the significance of magnetisrn

Two strongly magnetic rock-types are known from the Saurdal-Gjolanger area.

Primary magrnatic magnetite-ilmenite cumulate horizons only modestiv affected by the

eclogitization process.

Magnetite-bearing chloritized zones that have been formed by extensive greenschist

Some of the drill-dust samples from the Saurdal eclogite contain one or both these types of

highly retrogression of eclogite or other basic rocks

magnetic rocks (Table 2). The rutile content in the drill-dust samples tends to be highest at low to

moderate magnetic susceptibility levels. The susceptibility interval 0.100-1.00 is an exception to this

general rule in that it shows a high rutile content. The Ti02-content tends to increase with magnetic

susceptibilitv (Table 2) indicating a significant component of primary magnetite-ilmenite in the most• magnetic parts of the Saurdal eclogite. These data show that rutile in the Saurdal geologic situation is

in some way associated with highly-magnetic rocks, but there is no dired linear correlation betwecn

rutile content and magnetic susccpithility (see Fig. 21 in Komehussen, 1994).

•



•

Table 2: Average rutile, Ti02, Fe203 (total; XRF-anal.) and magnetic susceptibility (SI units) in intervals of
increasing magnetic susceptibility, drill-dust samples fium the Saurdal eclogite (Komeliussen 1994).

Magn.susc.

intervals

Rutile Rutile

/ T102

T102 Fe203 n

<0.001 1,89 86% 2,20 16,22 10

0.001-0.002 1,74 60% 2,89 17,46 33

0.002-0.003 1,53 55% 2,76 17,55 17

0.003-0.005 1,08 25% 4,34 21,68 8

0.005-0.010 1,37 32% 4,26 20,84 11

0.010-0.020 0,96 27% 3,55 20,47 7

0.020-0.100 0,41 9% 4,60 25,10 14

0.100-1.000 2,27 27% 8,32 36,04 5

Fig. 8 gives average magnetic susceptibilities of eclogite, tonalitic gneiss, magnetite-bearing chloritic
schists (completely chloritized basic rocks) and semi-massive magnetite-ilmenite ore from the old
Saurdal Fe-Ti mine. High magnetism is primarily an indicationof primary magmatic magnetite-
ilmenite cumulate horizons. At Saurdal such rocks are eclogitized, variably rutile-bearing, and with the
primary magnetite-ilmenite mineralizations partly preserved. Additional magnetism is caused by
secondary magnetite formed during retrogression of the eclogite.

According to these observations magnetism may be a good wol in order to localize bodies of the
Saurdal type, but is probably less usefid in the detailed scale.

Based on these relationships, it is reasonable to assume that the major source of the large magnetic
anomaly at Saurdal which shows up on the helicopter magnetic map, is a rock type similar to those
sampled by the drill-dust sampling program and with magnetic susceptibility values as shown in Table
2.

•
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Fig.8: Averagemagneticsusceptibilityforeclogite,tonaliticgneiss,chloriticschist and semi-massive
magnetite-ilmeniteore, Saurdalarea.Thecompletemeasurementsare givenin Appendixx.

The ground-magnetic survey

A seriesof ground-magneticprofiles(Lauritzen,1993)overthe Saurdaleclogiteand farther
westwardswere made in 1993inorderto followthe westwardcontinuationof the Saurdalrocksand
identifynew rutile-bearingoccurrences.It was consideredpossiblethatthe rutile-bearingeclogiteat
Saurdalhas a diagnosticmagneticsignaturewhich,if foundelsewherein the surroundings,couldlead
to new discoveriesof rutile-bearingrocks.

The Saurdalrockswere foundto showveryvariablemagneticsignatures(Lauritzen,1993),that are
characteristicfeatures.A similarareaof variablemagneticsignatureswas identifiedapprox. 1 kmwest
of Saurdal.This westernareais significantlycoveredbyvegetation.One smallhillwithinthe areais
foundto containrockssimilarto the Saurdaleclogite;onesmalladitfromthe prospectingperiodat the
beginningof this centuryshowsthatthe prospectorswereawarethatthis area couldbe a continuation
of the Saurdalrocks. Two diamonddrill-holes(Dh S1 andDh S2) wereput downin Desember 1994
to obtaininformationsufficiantto makean economicevaluationof the situationwith respectto rutile.
As shownby the core-logs(Appendix4)theseanomaliesare primarilycausedby magnetite-bearing
chloritizedbasic rocksincludingeclogite.Theeclogitepresent(approx40m core lengthin Dh S2) is of
Saurdaltype withXMETTi02-valuesin the range3-4%.Basedon thesecoresthe Risaskardet
magneticanomaliesdo not indicaterutile-oreof economicinterest.

Helicopter survey 1994

Magneticsusceptibilityandradiometricmeasurementsinthe Saurdalarea and elsewhere(measured
on the ground;see ENV no.2-5) showedcontrastingmagpeticandradiometricsignaturesbetween
eclogiteand other rock-types,and indicatedthata helicoptergeophysicalsurveycouldbe a goodtool
inthe continuedrutile/eclogiteexploration.A test helicopter-geophysicalprogramwere then carried
out in lateautumn 1994.Sincethe areathatwas flowncontainsknowneclogitesof differenttypes,
such as Saurdaland Orkheia(seeFig. 1),this surveyshoulddemonstrateif this methodis convenient
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for rutile/eclogite prospecting. A good evaluation of the resuIts cannot , however, be done until fonow-

up work on the ground have been completed durirm the summer 1995


Tahle 3: Magnetic susceptibilit of rock-typesin the area ccwered bs the helicopter geophysical surve 

Rock Magn. suse. Comments

(SI-units)

Granitoid gneisses

Tonalitic gneisses

Metabasite

Nletagabbro I

Metagabbro II

Felogne

Relrograded

celogite I

Reirograded

eclogite Il

Chloritic schist

lie-Ti ore

	

001 - 0.010 Micellaneous fclsic gneisses varying from dioritic to granitic

in composition.

	

0.1101- 0010 A characteristic low-K gneiss of tonalitic composition that

commonlyoccurs associated with eclogites in the Fordeljord

and Dalsfjord regions

	

0 001 - 0.005 Amphibolitic rock with Iow Fe-T1coment that occurs in the

Dalsfjordregion in large quantities. It is usually low-magnetic.


0.001- 0.010 Normal metagabbrowith some magnetite and ilmenite

(< I% oxides).

	

0.010 -1 )50 Metagabbroenriched in magnetite - ilmenite (1-5% oxides).

	

0.00 1 - 0 00) Magnetism mainh due to garnet and some ilmenite. Fe-rich

eclogites (usually also Ti-rich) that are garnet-rich, commonb

contain 1-3% ilmenite. and are more magnetic than

the Fc-Ti poor cclogites.

	

0 00-1 - 0 010 Slightly retrograded eclogite with secondary magnetite mainb

along cracks with some ilmenite (<1% oxides). Fc-Ti rich

eclogites tend to have more secondary magnetite as a result of

retrogression than Fe-Ti poor varicties.

0111 050 Signifleant amonts of secondan magnetite dust in chloritized

parts of the eclogite (1-5% oxides).

	

0.050 - 0 200 End-product of eclogite alteration with only relics of eclogite

(or other basic rock) present. The magnetite content is 5-20%

	

0 101) - 111 00 Strong impregnations to semi-massive magnetite - ilmenite ore


Imagmatie) in metagabbro or such mineralizations within

eclogite but only modestlyaffected tw the eclogitization process.

•
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6. Discussion of ore potensial

Estimations of ore potential must consider the following factors:

The Ti02-content of the Saurdal eclogite is generally in the range 3-4% (cf. Table 1).

Approximately 1/3 of the Ti02 occurs in rutile and 2/3 in ilmenite, though the nitilehlmenite ratio is

very variable in different parts of the eclogite.

The Saurdal eclogite, as observed in the eclogite hill at the Saurdal farm, may represent a thick

sheet or lens, internally folded, dipping 30-400southwards (see Fig. 2). A drill-hole from the block-

stone quarry drilled in January 1995 (DhS3;Fig. 2) gives an eclogite thickness of 190m before passing

into gneiss. This observed eclogite is, as shown by the helicopter-magnetics, at the northem margin of

an approx. 1 km2-large magnetic anomaly (see also Fig. 2). Thus, the horizontal projection of the

eclogite body can be regarded as defined by this tnagnetic anontaly, and in thickness might be

considerable.

Rutile tends to alter to ilmenite during retrograde alteration of the eclogite. This is distinct under the

greenschist facies chloritization process which tends to occur along shear-zones where water-rich

fluids have had access. At Saurdal the most intense retrogression, in the form of chloritization, can be

observed along the E-W trending valley at the southem margin of the Saurdal eclogite hill (Fig. 2);

chloritization is also distinct in certain parts of the S3 drill-hole (see the core-log in Appendix 1). This

chloritization zone falls together with an E-W trending lineament showing up on the VLF helicopter-

geophysical map (see Fig. 2a,b). That means that the fairly low rutile/ilmenite-ratio found in parts of

the Saurdal eclogite is due to retrogression induced by fluids mainly along this lineament and,

consequently, eclogite well outside this lineament might have a higher nailtilmenite ratio.

The original gabbro had cumulate accumulations of magnetite-ilmenite. During eclogitization

magnetite generally decomposes, with the iron going into garnet. However, at the eclogitization of the

Saurdal rocks, parts of the massive/semimassive Fe-Ti oxides survived eclogitization; these are now

represented by magnetite-ilmenite bands and lenses in eclogite. Those parts of the eclogite containing

such mineralizations will have a low rutile/ilmenite ratio, and the magnetic susceptibihty will be very

high. This mineralization type is probably the major source of the Saurdal helicopter-magnetic

anomaly.

The available information is insufficiant to give a rehable estimate of the ore resource situation, but

speculative estimations can be made

An optimistic estimate: Assuming (a) The major part of the Saurdal has not been severely retrograded

and that the main source of the helicopter-magnetic anomaly is bands and lenses of primary Fe-Ti

oxides that have survived the eclogitization in the area. In this case the eclogite might have a low

rutile/ilmenite ratio within these bands but a high rutilehlmenite ratio away from the bands. (b) The

average Ti02-content is around 4% of which 2/3 is rutile (i.e. 3 % rutile). Locally the rutile grade can

be much higher. (c) The average thickness of the eclogite is 200m. In this case the Saurdal eclogite

deposa contains 600 mill. lons averaging 3% naile.



•

15

Pessimistie estimate alternative I: The main source of the helicopter-magnetic anomaly is secondary

magnetite in chloritized basic rocks with onlv small amounts of associated rutile-bearing eclogite Then

the overall rutile4Imenite ratio will be verv low, and, consequently, the deposit will have no economic

interest

Pessimistie estitnate alternative 2: The major source of the magnetic anomaly is primary magmatic

oxides that have not only survived eclogitizationbut the gabbro itself is not at all or is uncompIetely

eclogitized, the overall rutile ilmenite ratio will then be low

Pessimistie estimate alternative 3: The major source of the magnetic anomalv is primary maginatic

oxides within strongly chloritized eclogite, and the overall rutile content is very low.

An intertnediate (realistie?) estnnate: Most probably the source of the magnetic anomaly is a

combination of primary Fe-Ti oxides and some secondary magnetite formed during retrogression of

eclogite similar to w.hatis observed at the Saurdal farm and in the drill-cores which all are within or

very close to the intersection of the VLF-lineament and the helicopter-magnetic anomaly. In Hus

estimate the deposit size would be 300-400 null. tons of eclogite similar to the Saurdal eclogite hill

averrunng approx. 2 % rutile + 2-3% Ti02 as ilmenite. Parts of the deposit will have 3-4% rutile.

Conclusion

The Saurdal eclogite occurs within the northern part of a significant helicopter-magnetic anomal). rhe

source of this magnetic anomaly is presumably a combination of primary magnetite-ihnenite in

eclogitized gabbro (probably the main magnetic source) and secondary magnetite formed during

retrogression of the mafic rocks The Saurdal area could contain some hundred million tons of eclogite

with 3-4% TiO2of which approx. 2°O.fiD2occur as rutile. There is a good chance that parts of this

eclogite volume contains more than 2°o rutile.

Continued investigations: The next step in the rutile exploration is to make a detailed geologic follow-

up the the helicopter geophysical results on the ground in order to come up with a reasonably good

explanation of the geophysical results, and point out potential locations for rutile-bearing eclointes.

This can be done in May-June 1995 Then a Lzoodevaluation of the area can be done in Julv/Auuust

1995

References
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Saurdal1993
Drill-dust sainples (NGU's sampling mediod)
1CP 11C1-solubkanalyses at N611 (Rutile procedure)
X-MET analysed by R.McLintans and M.Gurson (direetly on drill-dust in the field)




X-MET analyses by S.Parr


X-MET analyses on

drill-dust saniples)

First X-MET anal.




1CP-analyses (11C1-soluble)





Eillverized sampltis (1)-(2)




on drill-dust r




(2)






(I) RUTILE Rel.% T102 RUTULE Si02 A1203 Fe203 Ti02 Mg0 Ca0 Na20 K20 Mn() P205




Ti02 Fe203 Call tak. Rutile cale, sol. sol. sol. sol, sol. sol. sol. sol. sol. sol.

1 2.74 22.51 4.72 0.55 20% 2.58 0.39 7.21 8.83 14.02 2.19 7.32 1.85 0.59 0.18 0.09 0.11
2 2.10 19.62 7.17 0.81 39% 1.97 0.68 1.53 6.36 8.83 1.29 4.23 2.07 0.65 0.14 0.07 0.18
3 3.48 20.11 11.39 0.99 28% 3.28 0.79 0.79 3.06 7.76 2.49 1.08 1.76 0.25 0.12 0.08 0.11
4 3.60 20.66 12.25 0.62 17% 3.39 0.41 0.49 2.70 8.60 2.98 0.92 1.69 0.15 0.12 0.08 0.11
5 3.03 18.84 11.18 0.09 3% 2.95 0.01 0.30 3.04 10.54 2.94 1.49 1.90 0.25 0.12 0.12 0.11
6 5.44 24.58 10.09 0.38 7% 4.39 -0.67 0.18 2.94 16.45 5.06 1.08 1.61 0.19 0.12 0.10 0.11
7 5.71 24.47 9.99 0.31 5% 3.52 -1.88 0.15 2.46 18.55 5.40 0.98 1.33 0.17 0.12 0.09 all
8 2.38 13.90 10.24 2.01 84% 2.21 1.84 0.41 4.110 4.87 0.37 1.08 1.98 0.25 0.26 0.06 0.20
9 4.56 21.77 11.92 -0.30 -7% 3.48 -1.38 0.22 2.48 12.60 4.86 0.97 1.53 0.16 0.12 0.09 0.1510 4.75 21.54 8.04 3.04 64% 4.66 2.95 0.90 4.69 8.78 1.71 1.70 1.67 0.23 0.16 0.08 0.17I I 3.86 20.10 10.53 2.33 60% 4.21 2.68 0.97 4.25 7.88 1.53 1.26 1.98 0.24 0.12 0.09 0.1112 1.64 15.05 7.76 1.50 91% 1.57 1.43 0.12 3.87 4.96 0.14 1.42 1.54 0.25 0.20 0.06 0.2113 4.63 18.70 9.80 4.44 96% 3.96 3.77 0.41 3.39 5.17 0.19 0.99 1.71 0.21 0.12 0.07 0.1714 1.93 19.65 11.11 1.80 93% 1.90 1.77 0.83 4.26 6.04 0.13 1.14 2.29 0.32 0.12 0.07 0.2915 5.09 22.97 9.72 -0.04 -I% 4.81 -0.32 0.12 3.22 13.70 5.13 1.44 1.72 0.31 0.16 0.10 0.1316 4.99 22.28 9.77 1.01 20% 4.80 0.82 0.33 3.39 11.32 3.98 1.14 1.54 0.16 0.12 0.09 0.1117 1.29 12.26 9.03 1.11 86% 1.13 0.95 0.25 6.30 5.17 0.18 1.84 2.35 0.54 0.12 0.06 0.1918 1.04 12.83 8.01 0.93 89% 1.02 0.91 0.31 6.24 5.57 0.11 2.15 2.17 0.44 0.27 0.07 0.1419 0.92 12.94 7.70 0.88 96% 0.81 0.77 0.49 4.67 4.38 0.04 1.81 2.10 0.41 0.12 0.06 0.2420 5.10 20.40 10.51 015 5% 4.77 -0.08 0.03 2.67 11.75 4.85 1.11 1.51 0.15 0.12 0.09 0.1121 2.66 19.89 10.71 2.44 92% 3.21 2.99 0.76 4.91 7.40 0.22 1.48 2.58 0.32 0.12 0.09 0.3222 6.26 25.28 8.54 0.87 14% 5.58 0.19 0.42 3.67 16.20 5.39 1.11 1.77 0.18 0.12 0.11 0.1523 5.18 15.57 11.78 4.58 88% 4.42 3.82 0.34 3.90 5.94 0.60 1.18 3.72 0.35 0.12 0.08 1.4424 6.37 23.79 8.70 0.61 10% 5.49 -0.27 0.11 3.06 15.75 5.76 1.21 1.54 0.18 0.12 0.10 0.1325 6.34 24.57 9.64 0.20 3% 5.87 -0.27 0.25 3.10 16.38 6.14 1.34 1.59 0.20 0.12 0.09 0.1326 4.93 22.33 10.08 3.64 74% 5.33 4.04 0.70 4.05 8.43 1.29 1.17 2.23 0.09 0.12 0.09 0.1127 3.60 16.84 10.52 3.39 94% 3.59 3.38 0.81 4.27 6.01 0.21 1.20 1.87 0.18 0.12 0.08 0.11



^ 28 4.26 20.53 11.62 -0.11 -3%dili 4.17 -0.20 0.20 3.31 11.1. 4.37 1.24 1.67 0.16 0.16 0.0. 0.13111/29 3.78 18.37 11.17 2.83 75%w 4.43 3.48 0.28 3.52 6.tr 0.95 1.10 1.88 0.20 0.12 0.08 0.2030 4.07 22.07 11.07 -0.19 -5% 3.82 -0.44 0.02 2.44 16.18 4.26 0.92 1.26 0.10 0.12 0.10 0.1531 3.17 18.61 12.40 -0.10 -3% 2.82 -0.45 0.02 2.85 8.28 3.27 1.08 1.72 0.15 0.12 0.09 0.1932 2.55 16.64 13.54 -0.38 -15% 2.55 -0.38 0.02 1.61 7.16 2.93 0.96 1.22 0.10 0.12 0.09 0.1133 2.10 16.47 7.65 1.95 93% 2.23 2.08 0.90 6.15 6.46 0.15 1.80 2.18 0.52 0.12 0.06 0.1834 2.18 14.44 7.86 1.93 89% 2.05 1.80 0.62 4.85 5.75 0.25 1.29 1.89 0.42 0.21 0.06 0.1735 4.79 25.22 6.18 0.25 5% 4.68 0.14 0.02 9.14 22.52 4.54 5.46 3.09 0.77 0.28 0.19 0.1436 4.42 16.77 11.60 2.89 65% 4.26 2.73 0.02 3.22 6.99 1.53 1.55 2.06 0.30 0.12 0.09 0.1337 2.91 18.62 11.21 2.48 85% 3.06 2.63 0.33 4.62 6.75 0.43 1.51 2.51 0.32 0.12 0.09 0.2638 8.63 30.46 9.57 0.46 5% 7.54 -0.63 0.02 2.45 31.52 8.17 2.01 1.38 0.15 0.12 0.12 0.1139 4.13 22.18 11.31 -0.16 -4% 3.37 -0.92 0.02 2.30 16.72 4.29 1.73 1.94 0.22 0.12 0.11 0.1840 1.92 20.05 10.09 1.76 92% 2.20 2.04 2.02 5.98 7.87 0.16 1.47 2.61 0.15 0.20 0.08 0.1441 3.14 19.42 13.13 -0.02 -1% 2.49 -0.67 0.26 2.42 8.75 3.16 1.02 1.86 0.13 0.12 0.09 0.1 I42 2.48 17.09 13.97 2.02 81% 2.49 2.03 0.59 3.43 4.97 0.46 1.02 2.30 0.19 0.12 0.07 0.1 I43 3.21 20.60 12.18 0.19 6% 3.47 0.45 0.36 3.43 10.76 3.02 1.37 2.13 0.22 0.12 0.10 0.1144 5.14 24.31 9.96 0.28 5% 4.88 0.02 0.02 3.33 17.36 4.86 1.46 1.61 0.16 0.12 0.17 0.1145 5.74 24.40 10.47 -0.09 -2% 4.67 -1.16 0.09 2.69 20.69 5.83 1.73 1.89 0.31 0.20 0.12 0.1 I46 4.38 22.29 11.66 0.87 20% 4 .46 0.95 0.30 3.85 13.31 3.51 1.50 2.46 0.30 0.12 0.11 0.1147 4.00 21.68 7.17 1.53 38% 3.56 1.09 0.02 7.80 14.73 2.47 3.85 2.84 0.80 0.14 0.13 0.1148 3.81 23.71 7.70 0.11 3% 3.36 -0.34 0.17 4.18 14.68 3.70 2.38 1.74 0.32 0.12 0.11 0.1149 4.54 22.69 11.55 0.74 16% 4 .32 0.52 0.24 3.43 14.05 3.80 1.61 2.00 0.23 0.21 0.12 0.1150 3.09 18.82 10.79 2.52 82% 3.39 2.82 0.44 3.79 7.14 0.57 1.1I 1.88 0.24 0.37 0.13 0.1151 3.78 19.60 10.35 3.40 90% 3.90 3.52 0.75 3.74 6.27 0.38 1.04 1.74 0.22 0.12 0.06 0.1152 4.11 21.39 8.60 2.77 67% 4 .26 2.92 0.67 4.84 8.86 1.34 1.78 2.23 0.45 0.22 0.07 0.1 I53 5.79 24.86 9.15 0.23 4% 5.32 -0.24 0.12 3.42 16.71 5.56 2.13 2.65 0.56 0.30 0.13 0.3554 5.34 24.84 6.90 2.37 44% 4.92 1.95 1.42 6.60 13.05 2.97 2.29 2.46 0.53 0.20 0.08 0.1155 6.53 26.71 6.92 1.38 21% 6.17 1.02 0.33 6.45 19.09 5.15 3.01 2.68 0.58 0.42 0.12 0.1156 4.03 21.5 I 8.30 0.54 13% 3.47 -0.02 0.21 4.59 12.27 3.49 2.05 2.06 0.40 0.12 0.11 0.1157 2.62 17.55 7.23 2.17 83% 2.24 1.79 0.23 6.10 7.44 0.45 2.44 2.48 0.97 0.13 0.07 0.2358 17.56 42.67 3.71 4.39 25% 17.68 4.51 0.21 6.39 50.08 13.17 2.91 1.24 0.18 0.17 0.18 0.1159 5.84 27.98 10.55 0.25 4% 5.84 0.25 12.11 4.72 14.70 5.59 0.87 3.62 0.25 0.12 0.17 1.3960 1.25 12.11 10.45 0.99 79% 1.31 1.05 4.36 5.03 4.31 0.26 1.38 2.63 0.88 0.12 0.05 0.3861 4.95 19.89 8.02 4.38 88% 4 .25 3.68 1.52 5.41 8.54 0.57 242 2.01 0.41 0.22 0.08 0.1462 3.00 I 8.29 6.38 1.93 64% 3.34 2.27 0.73 3.58 7.05 1.07 1.92 1.46 0.63 0.21 0.04 0.1363 2.35 16.93 14.23 -0.06 -3% 2.10 -0.31 0.02 1.50 6.59 2.41 1.49 7.86 0.44 0.16 0.09 5.3964 2.13 18.31 8.10 1.51 71% 2.24 1.62 1.45 6.30 7.79 0.62 131 246 0.74 0.12 0.07 0.1665 2.92 16.29 11.50 1.21 41% 4.22 2.51 0.02 2.24 5.55 1.71 1.83 2.12 0.44 0.15 0.05 0.2566 3.20 20.07 7.24 0.77 24% 3.41 0.98 0.02 7.92 13.40 2.43 4.60 3.14 0.91 0.46 0.11 0.1167 1.48 16.97 7.81 1.21 82% 1.27 1.00 0.26 3.76 4 .97 0.27 1.52 1.61 0.31 0.12 0.06 0.1568 0.84 8.25 8.14 0.68 81% 1.15 0.99 0.02 4.11 3.31 0.16 1.20 1.65 0.61 0.12 0.03 0.1269 2.12 14.77 11.42 1.98 93% 2.65 2.51 0.48 3.71 4.18 0.14 1.07 2.15 0.24 0.21 0.07 0.1970 0.44 I 2.29 8.46 0.26 59% 0.36 0.18 0.02 5.13 4 .66 0.18 1.90 2.13 0.43 0.18 0.06 0.2271 1.71 15.75 8.45 1.65 97% 1.82 1.76 0.45 3.53 4.06 0116 1.13 1.59 0.18 0.12 0.05 0.11
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74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

11)0
101
102
103
104
105
106
107

Av. [

1.20
1.18
0.83
1.58
1.24
0.93
3.43
7.04
4.06
1.64
1.27
2.61
4.36
3.00
3.27
2.41
2.81
2.35
4.53
4.20
2.95
5.27
7.02
5.26
1.35
3.58
1.86
5.14
4.10
7.78
1.42
1.91
1.84
2.55
1.46
1.93

3.58J

12.57 8.47
12.08 7.30
11.74 8.39
14.65 8.33
12.39 8.54
11.56 7.97
17.58 10.74
22.88 11.16
17.30 10.02
11.69 8.47
13.62 8.12
16.53 11.88
18.83 8.08
18.70 10.60
19.92 10.46
17.29 11.41
17.19 9.28
17.22 8.54
22. I9 9.36
21.37 10.26
20.15 8.25
21.75 8.67
33.82 1.89
28.88 5.97
13.82 7.62
26.38 7.13
18.68 11.60
34.99 0.00
34.88 0.00
33.85 0.00
27.99 1.24
30.77 1.26
19.39 10.23
24.79 7.38
16.29 7.14
19.84 8.20

20.18 8.98

no 108:
20.4 I 10.54

1.13
1.12
0.80
1.54
1.19
0.85
3.22
2.53
3.75
1.52
1.17
2.21
4.17
0.35
2.23
1.48
2.34
0.88
2.32
0.69
1.28
4.46
1.46
0.50
1.10
0.29
1.57
1.40
1.28
2.80
0.56
0.60
0.14
044
1.28
1.28

949„di
95VII.r
96%
98%
96%
91%
94%
36%
92%
93%
92%
85%
96%
12%
68%
61%
83%
37%
51%
16%
43%
85%
21%
10%
81%

8%
84%
27%
31%
36%
39%
31%

8%
17%
88%
66%

39%

A verage

27%

I .00
1.19
0.63
1.97
1.23
0.93
3.83
7.52
4.58
1.32
1.21
4.82
2.34
2.89
4.11
2.89
2.77
2.35
4.81
4.28
3.17

. 
6(X)
7.98
5.19
1.35
2.76
1.97
6.01
4.29
7.10
1.15
1.37
1.98
2.40
1.18
2.05

3.49

rutile ( %)

I

0.93
1.13
0.60
1.93
1.18
0.85
3.62
3.01
4.27
1.20
1.11
4.42
2.15
0.24
3.07
1.96
2.30
0.88
(2).41

5.19
2.42
0.43
1.10

-0.53
1.68
2.27
1.47
2.12
0.29
0.06
0.28
0.29

11.4%

1.31

.677

.50

0.33
0.27
0.35
0.35
0.35
0.02
1.13
0.34
0.76
0.16
0.16
0.19
0.95
0.13
0.92
0.47
0.44
0.02
0.71
0.33
0.29
1.11
0.02
0.02
0.19
0.02
1.45
1.21
0.18
0.02
0.85
1.32
1.36
0.87
1.12
0.23

0.66


0.67

3.86
3.68
3.18
3.64
4.15
4.41
4.52
2.60
4.17
3.25
3.09
3.03
4.62
2.67
3.86
3.33
5.20
6.51
4.59
3.97
6.22
5.07
7.09
6.73
4.64
5.56
5.5 I
1.84
2.34
5.01
3.27
2.61
4.30
7.91
5.25
6.95

4.28


4.19

3.4. 0.07

	

3.6 0.06

	

2.91 0.03

	

3.73 0.04

	

4.11 0.05

	

3.85 0.08

	

6.08 0.21

	

12.49 4.51

	

5.72 0.31

	

3.35 0.12

	

4.01 0.10

	

4.56 0.40

	

6.57 0.19

	

9.14 2.65

	

8.02 1.04

	

6.68 0.93

	

6.93 0.47

	

8.38 1.47

	

10.57 2.21

	

11.08 3.51

	

10.62 1.67

	

8.13 0.81

	

34.15 5.56

	

26.61 4.76

	

5.39 0.25

	

26.04 3.29

	

7.56 0.29

	

32.15 3.74

	

35.25 2.82

	

38.90 4.98

	

22.01 0.86

	

27.64 1.31

	

8.61 1.70

	

13.71 2.11

	

6.78 0.18

	

8.74 0.65

11.26 r--2.-111

	

I 1.23 2.74

1.17
1.12
1.10
1.26
1.26
1.61
1.22
0.87
1.02
0.88
1.08
0.79
1.16
1.13
1.43
1.08
2.39
3.59
1.39
1.42
2.59
1.46
8.99
6.62
1.90
8.06
1.77

11.18
16.87
9.53

12.51
16.51

1.22
4.76
2.17
3.15

2.43

1.62

1.66
1.56
1.47
1.66
1.79
1.69
2.08
133
2.05
1.81
1.28
2.19
1.92
1.64
2.49
2.09
3.76
2.93
2.39
2.14
2.93
2.21
0.24
2.45
2.24
0.48
3.26
0.21
0.20
0.07
0.45
0.40
2.16
3.35
1.88
3.12

2.01


2.05

0.28
0.31
0.25
0.23
0.31
0.60
0.26
0.09
0.18
0.30
0.16
0.16
0.16
0.18
0.32
0.22
0.90
0.81
0.29
0.23
0.53
0.26
0.04
0.47
0.68
0.05
0.32
0.03
0.04
0.02
0.03
0.03
0.26
0.59
0.85
0.71

0.33


0.29

0.39
0.12
0.12
0.20
0.21
0.12
0.26
0.12
0.12
0.37
0.24
0.12
0.12
0.16
0.12
0.12
0.31
0.12
0.12
0.28
0.53
0.25
0.12
0.24
0.12
0.32
0.12
0.22
0.29
0.12
0.12
0.15
0.12
0.25
0.20
0.12

0.17


0.36

0.01.
0.04
0.04
0.04
0,05
0.04
0.07
0.09
0.07
0.05
0.05
0.06
0.07
0.10
0.11
0.12
0.09
0.09
0.10
0.13
0.11
0.09
0.12
0.19
0.06
0.14
0.14
0.12
0.28
0.22
0.15
0.22
0.15
0.16
0.07
0.08

0.09


0.10

0.12 
0.11
0.15
0.16
0.15
0.11
0.1 I
0.12
0.11
0.41
0.13
0.18
0.22
0.12
0,19
0.1 I
1.02
0.18
0.19
0.11
0.44
0.11
0.11
0.18
0.21
0.1 I
0.62
0.13
0.14
0.12
0.37
0.26
0.38
0.11
0.12
0.30

0.25


0.11

1.40


1.00
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EMP back-scatter images and
ilmenite analyses, Saurdal.

100

EMP-analyses, Saurdal

fl Ilmenite from Mt-Ilm ore

fl Ilmenite from eclogite
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Point anal. 49.57
Point anal. 49.26
Point anal. 48.52
Point anal. 49.95
Point anal. 50.14
Point anal. 49.91
Point anal. 50.27

Average K221g,194 ilmenite: 48.25

0.005 mm2 38.40
0.0001 mm2 43.20
0.005 rnm2 31.24
0.001 mrn2 33.29
0.001 mm2 30.25
0.005 rnm2 32.25
0.005 mm2 34.27
0.005 mm2 33.53
0.005 mm2 34.20

Average K221e.94 ilmenite: 3431

Sample Anal. no. Mineral

K221g.94 2 fimenite
K221g.94 3 Ilmenite
K221g.94 4 Ilmenite
K221g.94 5 Ilmenite
K221g.94 8 Ilmenite
K221f.94 11 firnenite
K221f.94 12 Ilmentle

Point/areal
analyses T102

11,

, K221e.94
K221e.94
K221e.94
K221e.94
K221e.94
K221e.94
K221e.94
K221e.94
K221e.94

15
17
18
19
20
21
22
23
24

Ilmenite
Ilmenite
Ilmenite
Ilmenite
Ilmenite
Ilmenite
Brnenite
Ilmenite
Ilmenitc

Point/area1 T102
analvses

point anal. 51.71
point anal. 51.79
point anal. 51.87
point anal. 52.12
point anal. 51.70
point anal. 52.32
point anal. 52.45

Average K221g1:94 ilmenite: 50.62

0.005 mm2 40.98
0.0001 mm2 45.04
0.005 mm2 34.14
0.001 mm2 35.83
0.001 mm2 36.35
0.005 mm2 35.63
0.005 mm2 38.42
0.005 mm2 36.18
0.005 mm2 37.73

Average K221e.94 37.81

K221e.94 15 Ilmenite
K221e.94 17 Ilmenite
K221e.94 18 Ilmcnitc
K221e.94 19 Ilmenite
K221e.94 20 Ilmenite
K221e.94 21 Ilmenite
K221e.94 22 Ilmenite
K221e.94 23 Ilmenite
K221e.94 24 Ilmenite

Fe0 Ca0 Mg0 A1203 Sum

44.67 0.00 1.61 0.01 95.86
43.92 0.00 1.91 0.02 95.11
43.09 0.00 1.91 0.02 93.54
43.93 0.00 1.94 0.01 95.83
45.50 0.00 1.32 0.03 96.99
44.04 0.01 1.43 0.00 95.39
43.82 0.00 1.75 0.00 95.84

4530 0.00 132 0.02 95.28

55.01 0.00 0.27 0.03 93.71
52.09 0.00 0.62 0.00 95.91
59.82 0.00 0.39 0.05 91.50
59.11 0.00 0.48 0.02 92.90
52.51 0.00 0.37 0.08 83.21
57.79 0.00 0.47 0.01 90.52
54.36 0.01 0.50 0.05 89.19
58.61 0.03 0.49 0.01 92.67
55.97 0.01 0.46 0.00 90.64

56.14 0.01 0.45 0.03 91.14

Normalized values




Fe0 Ca0 Mg0 A1203 Sum

46.60 0.00 1.68 0.01 100.00
46.18 0.00 2.01 0.02 100.00
46.07 0.00 2.04 0.02 100.00
45.84 0.00 2.02 0.01 100.00
46.91 0.00 1.36 0.03 100.00

46.17 0.01 1.50 0.00 100.00
45.72 0.00 1.83 0.00 100.00

47.77 0.00 139 0.02 100.00

58.70 0.00 0.29 0.03 100.00
54.31 0.00 0.65 0.00 100.00
65.38 0.00 0.43 0.05 100.00
63.63 0.00 0.52 0.02 100.00
63.11 0.00 0.44 0.10 100.00
63.84 0.00 0.52 0.01 100.00
60.95 0.01 0.56 0.06 100.00
63.25 0.03 0.53 0.01 100.00
61.75 0.01 0.51 0.00 100.00

61.66 0.01 0.49 0.03 100.00




Sample Anal. Min.




K221g.94 2 Ilmenite




K221g.94 3 Ilmenite




K221g.94 4 Ilmenite




K221g.94 5 Ilmenite

III
K221g.94
IC221f.94

8
11

Ilmenite

Ilmenite




K221f.94 12 Ilmenitc
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Confidentiality:5 years Unofficialreport to DuPont By: A. Korneliussen,NGU



No 22, page 3 (Oct. 1994)

Eclogite News and Views

SAURDAL. EMP back-scatter image of ilmenite (dark grey)
with hematite exsolutions (light grey) from ilmenite-rich
bands in eclogitg.

Sarnple K221E.94. Block-stone quarry, Saurdal eclogite, Dalsfjord region.

•

•

•



Eclogite News and Views
No 22,page4 (Oct. 1994)

Fe-Ti oxides, Saurdal.

Sample K221F.94 from the tailings of the old Fe-Ti mine
at the southern margin of the Saurdal eclogite.

Left: Ilmenite (dark grey)
and magnetite (light grey)
in massive Fe-Ti ore from
the old Saurdal mine.

Below: Ilmenite lammellae
in rnagnetite.

c

iszir mCt
•

Left: Numerous tiny ilmenite
exsolution lammellae (grey)
and exsolution blebs of spinel
in magnetite.<da

a



No 22, page 5 (Oet. 1994)

• Eclogite News and Views

Fe-Ti oxides from the old Saurdal mine (sample K221G.94).

•

Right: Numerous tiny exsol-
ution lammellae of ilmenite
and exsolution blebs of spinel
in magnetite

Lower image: Massive ilmenite
(dark grey) - magnetite (1i2ht
grey) ore from the old Saurdal
mine at the southern marzin of
the eclogite body.
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Drill-core information
4.1)L * p.

02-May-95

• About the drill-holes Dlt-S1, S2 and 53 (1994/95):
Dh-S1, S2 and S3 were drilled in Desember 1994and January 1995by Tekobor A/S. The drilling program was
directed by Svein Parr, Garnet A/S/Stokke Industri, with DuPont as collaboration partner. The drilling was
supported bty Prospekteringsfondet. NGU is collaboratingwith DuPont and Garnet A/S in these investigations.
The compilation of core information is paid by DuPontand NGU; therefore this core report is becoming a part
of NGU's report to DuPont.The purpose of Dh-SI and -S2 was to investigate ground-magnetic anomnalies (see
NGU-report 93.100 "Ground magnetic survey at the Saurdal eclogite, Fjaler" by T. Lauritzen) which resembled
the magnetic signatuire of over the Saurdal eclogite hill. The Risaskardet area is heavily covered by vegetation
and soil/till and drilling was needed to investigate the character of the rock. The purpose of Dh-S3, which was
put down in the Saurdal eclogite quarry, was to investigatethe thickness of the eclogite and obtain additional
information of the character of the eclogite including the the variations in rutile content.

•
Drill-hole locations:

Dh-SI (Risaskardet): Position UTM
2959.00&68020.00N, map 1117,1.
Direction/dip: NIOE/70.

Dh-S2 (Risaskardet): Position
UTM 2961.00E/68017.00N, map
1117,1. Direction/dip:
NIOE/65.

Dh-S3 (Saurdal quarry): Posnion
UTM 2972.00E/68019.00N. map

1117,1. Direction/dip: NIOE/70.

Saurdal

Drill-hole Dh-SI

Length (m): 0,00 - 5,00 Dit-S1 Sample: Mag susc 0-value:
Missing section Density %Ti02 - %Fe203

	

(g/cm3): (XvIET; n=3):

0,00 - 0,00

Length (m): 5,00 - 8,00 Dh-S1 Sample: SI/7,6 Mag suse / 0-value: 0.39594 I 0.8100
Chl-atnphibole schist/5-5.3m: relict afier eclogite; Ig, f-gr patches (10cm Density %Ti02 - %Fe203
thick) synplect after omphacite, grt, amphib., minor oxide; 5.3- (g/cm3) (XVET; n=3):
5.45m=late fract w/ tremolite, - sulfide, oxide; 5.3-8.0m: chl-amph-oxide 3,155 0,74 - 17,99
schist: relict grt, white zones of trem- fsp; sli foliated to latninated to
mottled appearance: grt repl by fsp, chl, amph, oxide.

Length (nt): 8,00 - 11,00 Dlt-S1 Sample: 81/10,0 Mag suse Q-value: 0,00063 I 4.0500
Chl-mica-epidote schist/Grt-absent; lammatedfoliated; see tninor ! Density %Ti02 - %Fe203
crenulation devel: epidote pods strung out parallel to foliation; 10-11 m (g/cm3): (XVIET: n=3):
level has v. regular. thin alternating green and white lavers (chlor, amph 3,052 0,43 - 9,90• vs. qtz, fsp); 8-9.7m = magnetic; 9.7-11m = non-magnetic.



2Saurdal

Length (m): 11,00 - 14,00 Dh-S1 Sample: Mag susc / Q-value:
Grt-bearing to grt-free chlor-amph schist/Weakly to non-magnetic; I 1- Density
I I.8m: finely laminatedfree-white schist w/ minor grt porphyroblasts; chl, (g/cm3):
white mica, fsp, actinolite: 11.8-I4m: grt-bearing, chl-actinolite schist; sli.
foliation, gen'lly coarse-gr; grt as relicts w/fsp, chIor replacement; minor
Fe-stained oxide: grts were c-grained (nowreplaced)

%Ti02 - %Fe203
(XVET; n=3):
0,00 - 0,00

Mag suse / Q-value: 38,0000 I 0,4400
Densitv %Ti02 - %Fe203

	

(g/ctn3): (XittEr; n=3):

	

3,134 0,31 - 12,76

Length (m): 14,00 - 17,00 DIr-S1 Sample: 51/15,2
Grt-bearing to grt-free chlor-amph schist/Massive to coarselyfolated,
weakly magnetic; 14-15m: amph-chlorite-fsp schist w/ relict grt
porphyrobl; 15-16.4m:grt-free, chlorite-amph-fsp schist;fsp
pseudomorphs after grt; 16.4-17m:grt-relicts chlor, amph,fsp.

Length (nt): 17,00 - 20,00 101t-S1 Sample: Mag susc / Q-value:
Chlorite-actinolite schist/Slightly fohated to massive, c-grained; 17-19m: Density %Ti02 - %Fe203
chl-amph:fsp, w/ or w/o grt porpkvrobl; some grt completely repl. by (g/cm3): (XMET; n=3):
fsp+chl; v. coarse grt blasts @ 18.3-18.4 (I-cm) w/ thick rims chlorite, v. 0,00 - 0,00

magnetic; 19-20m: more massive, chl-fsp-actinolite; v. scarce relict grt.

Length (m): 20,00 - 23,00 13h-S1 Sample: Mag suse / Q-value:
Chlorite-amph-fsp scInst to kyanite-grt schist/20-20.9m: c-gr, sli. foliated Density %T102 - %Fe203
chl-amph-fsp schist; 20.9m: begin to see grt porphyroblasts again, (g/cm3): (XMET; n=3):
becomes thinly laminated, gray-white-green (metatuffaceous?);really well- 0,00 - 0,00

laminated @21.8 m and w/ assembl grt, fsp, kvanite, ainphibole. Ky as
obvious coarse, blue prisms. Weakly magnetic.

Length (tn): 23,00 - 27,00 131t-S1 Sample: Mag susc / Q-value:
Laminated grt-kyanite gneiss/Grt-fsp-kyanite-amphibole-qtz; mineralogic Density %TiO2 - %Fe203
banding obvious. Weakly magnetic. (g/cm3): (XWE7';n=3):

0,00 - 0,00

•

•

Length (m): 27,00 - 30,00 Dh-S1 Sample: 5I/20,6
Grt-kyanite gneiss/As above w/ more variation in grt sizes; v. c-gr grt
@28.7-29.8m leveL

Mag susc / 0-value:
Density
(g/cm3):

%Ti02 - %Fe203
(XWET: n=3):
0,00 - 0,00

•



•

Saurdal 3

Length (m): 29,60 - Dh-S1 Sample: SI/29,6 Mag susc / Q-value.• 0,00069 I 2,5400
M1CROSCOPYING: Density %Ti02 - %Fe203

(g/cm3): (XMET; n=3):

	

3,236 0,57 - 8,75

Length (m): 30,00 - 40,00 Dh-S1 Sample: 5I/30,45 Mag susc / Q-value: 0,00090 I 5,8900
Greenish-gray gneiss to grt amphibolite/Monotonous green-gray assembl Density %TiO2 - %Fe203
w/ unevenf-grained grt development; 34-35-5m: symplectitic omph(?) + (g/cm3): (XMET; n=3):
gn; kyanite observed @,32.1-32.15m. MICROSCOPYING: 3,231 0,64 - 9,63

Length (m): 33,00 - Dle-S1 Sample: 5I/33, Mag susc / 0-value: 0,00353 I 54,7600

Density %TiO2 - %Fe203
(g/cm3): PCMET;n=3):






3,256 1,46 - 15,44

Length (m): 35,54 - Dh-S1 Sample: 51/35,54 Mag susc / Q-value.• 0,00041 I 0,0000






Density %Ti02 - %Fe203 '






(g/cm3): (,34ET; n=3):






Z984 0,31 - 6,01




Length (m): 40,00 - 49,00 Dh-SI Sample: SI/47,7 Mag susc / Q-value: 0,08350 I 9,6900
Variable but mostly green-gray gneiss w/ local gn/Variation on gray-green
gneiss w/ local, c-gr grt; local mgt-enrichment @ 47.0-47.75 and 48-
48.9m; some chlorite-mgt rich areas (47.7 m leve0; poss. formerly retrogr
eclogite in this section?

Density
(g/cm3):


2,969

%Ti02 - %Fe203
(2•31E7;n=3):
0,14 - 12,61

Length (m): 49,00 - 63,30 Dh-SI Sample: 5I/50,85
Retrogr, mgt-rich amph-chlorite-tremolite gneiss/Banded, greenish-gray
rock; v. mgt rich w/ mgt disseminated as 1g,individ. patches andflecks;
amph-chlor-tremolite(?)-qtz-rocicw/ disseminated mgt throughout; locally
have Iggrt porphyroblasts (54.25-55.4 m); missing core = 55-56 m. 54.8 m
level =grt rich w/ ilmenite (no mgt). MICROSCOPYING:

2,13246 I 8,0800
%Ti02 - %Fe203
(%VET; n=3):
0,81 - 19,58

Mag susc / Q-value.

Density
(g/C7713):

3,161

•



Saurdal 4

.
Length (in): 54,80 - Dh-S1 Sample: 5I/54,8 Mag susc / Q-value: 0,00299 I 12,5000
In thin-section: Density %T102 - %Fe203

(g/cm3): (XVIET; n=3):

	

3,603 2,85 - 17,83

Drill-hole Dh-S2

Length (n): 0,00 - 2,00 Dh-S2 Sample: Mag susc / Q-value:
Missing core Density 9'oTiO2- %Fe203

	

(g/cm3): Q3'fE7'; n=3):• 0,00 - 0,00

Length (m): 2,00 - 10,00 Dh-52 Sample: Mag susc / Q-value:
Banded greenish-gray gneiss/Possiblemetatuff metagraywacke? Banded Density %TiO2 - %Fe203
gneiss with tendency to fine-grained eclogite pods (cm-size boundins); (g/cm3): (XMET; n=3):
locally rich in pale mica. No oxides 0,00 - 0,00

Length (m): 10,00 - 20,00 Dh-S2 Sample: 52/15,65 Mag susc / 0-value: 0,00115 I 0,5300
Banded greenish-gray gneiss/Relatively fine-grained with local small (cm- Density
size) pods•of eclogite. @ 15.5 and 18.6m have 'semi-eclogite'. Local, (g/cm3):
weak sulfide disseminations (py, chalcopy, pyrrho?) but no oxide 3.24• enrichment observed. Non-magnetic.

Length (m): 18,65 - Dh-S2 Sample: 52/18,65 Mag susc / 0-value: 0,00294 I 0,7900





Densily %T102 - %Fe203





(g/cm3): (XMET n=3):





3,24 1,10 - 9,27

Length (m): 20,00 - 30,00 Dh-S2 Sample: 52/25,8 Mag susc / Q-value.• 0,00049 1 0,0000
Banded greenish-gray gneiss/Contains variable amounts of eclogite or
eclogitic gneiss; eclogitic material consists of garnet rimmed by green
amphibole. No oxide enrichments. Non-magnetic.

Density
(g/cm3):

3,141

%TiO2 - %Fe203
(%MET; n=3):

0,66 - 7,45

%TiO2 - %Fe203
(%tIET; n=3):
0,67 - 9,85

•



•
Saurdal 5

Length (m): 30,00 - 40,00 Dit- S2 Sample: 52/3 1,35 Mag susc / Q-value: 0,00092 I 0,8900

.Asall the above (green-gray gneiss) but more massive(Similar to previous; Density %Ti02 - %Fe203
fine-grained garnet sparsely dispersed; white mica occurs sporadically (g/cm3): (XMET: n=3):
(-Efeldspar, qtz). Cracks filled with serpentine. 3,205 0,49 - 10,57

Length (m): 32,50 - Dh-S2 Sample: 52132,5 Mag susc / Q-value.• 0,00072 I 0,7900

Density %TiO2 - %Fe203
(g/cm3): (XWET; n=3):

	

3,227 0,92 - 10,24

• Length (m): 40,00 - 50,00 Dit-S2 Sample: 52/47,75

Green-gray gneiss (banded to massive)/Asabove with eclogite-like
material at 47.75 m (semi-eclogite9.

Mag susc / Q-value: 0,00093 I 0,8700

Density ' %TiO2 - %Fe203
(g/cm3): (22YIET;n=3):

3,236 0,44 - 12,08

Length (nt): 50,00 - 60,00 Dh- S2 Sample: S2/55,75

Green-gray gneiss and oxide-rich amphibolite/50.0-55.0 m is banded
gneiss; @ 55.7 m monotony broken by presence of magnetite and dark
green, locally chlorite-rich schist occasional coarsepatches grt.
Magnetic 554-59.6 m. 55.0-60.0 m: garnet w/ pronounced reaction
zone is prob. retrograded eclog? No rutile or ilm observed.
MICROSCOPYING:

Mag susc / Q-value.• 0,09097 I 16,2800

Density %TiO2 - %Fe203
(g/cm3): Q3,1E-7;n=3):

3,213 1,50 - 19,33
rims;

111
Length (m): 56,40 - Dh- S2 Sample: 52/56,54

M1CROSCOPYING:
Mag susc / Q-value

Density
(g/cm3):

3,609

: 2,36786 I 4,7500

%TiO2 - %Fe203
ET: n=3):

3,92 - 22,62

	

Length (m): 57,60 - Dh- S2 Sample: 52/57,6 Mag SUSC / Q-value. 0,24273 I 5,3200

	

MICROSCOPYI1VG: Density %Ti02 - %Fe203
(g(cm3): (XVET; n=3):

Z985 1,05 - 14,88 ;

•



111

Saurdal

Length (nr):


Length (m):

59,80 -

60,00 - 70,00

Dh-S2


Dh-S2

Sample: 52/59,8


Sample: 52/64,7

Mag susc / Q-value:

Density

(g/cm3):

2,927

Mag susc / Q-value:

6

0,00025 I 3.1900

%TiO2 - 9'oFe203
(%ffET; n=3):

	

0,23 - 4,63

	

1,59028 I 6,1300
Green-gray gneiss to garnet amphibolite/60.0-63.0 171: relatively massive Density
gr-gray gneiss w/ abundant grt (semi-eclogite); 64-68 m: more mafic, (g/cm3):
darker green, larger grt porphyroblasts, local mgt + chlorite; epidote + 3,566
tremolite in radiating clusters in vein (67.7 and 69.65 n); 68-70 m:
monotonous gneiss: Local sulfide and mgt enrichment @ 63.9, 67.45 m;
no rutile or ilm.

%T102 - %Fe203

(%lET: n=3):

4,80 - 22,13

•
Length (m): 68,50 - Dh-S2 Sample: 82/68,5 Mag susc / Q-value : 0,00137 I 0,6900

MICROSCOPYING: Density %TiO2 - %Fe203
(g/cm3): (IMET; n=3):

	

3,472 3,13 - 15,15

Length (m): 70,00 - 72,00 Dh-S2 Sample: 82/71,1 Mag susc / Q-value: 0,00480 I 2,2900
White mica-garnet amphibolite/Finely laminated due to contrast Density
mineralogy (wh. mica+fsp versus amphibole-rich bands); similar to green- (g/cm3):
gray gneiss above but > grt porphyroblasts (replaced by fsp+amph ); 2,946
contains actinolite,wh. mica, fsp, chlorite, relict grt, minor sulfide. Non-
inagnetic.

%T102 - %Fe203

(XMET; n=3):

0,86 - 8,37

Length (nr): 72,00 - 75,00 DII-S2 Sample: 52/73,7 Mag susc / Q-value
Retrograde eclogite to grt amphibolitic gneiss/72-73.5m: f-grained, Density
laminated gneiss (metatuf)7); minor grt replaced by fsp; 74-74.5m: fine- (g/cm3):
grained. light green (symplectite?) zone w/late, anastomosing veins of 3,377
fsp+epid; relict grt:74.5-75m: retrog eclog to eclog; var. sized grt
porphyroblasts+amph, sympl,minor sulfide; ilm - rutile?; weakly magnetic.

: 0.00314 I 0,5400

%T102 - %Fe203

(XlIET: n=3):

2,52 - 15.62

•

Length (m): 75,00 - 78,00 Dh-S2 Sample: 82/75,4 Mag susc / Q-value: 0,00180 I 0,4600
Phengite eclogite to oxide-rich retrog eclog to grt amphib/75-76 m: grt Density %TiO2 - %Fe203
amphibolite; c-gr grt porphyrobl of var sizes to clusters surrounded by (g/cm3): (XSIET: n=3):
amph+fsp; some titanite;76-77m: retro eclog?; coarse grt porphyrobl 3,365 3,04 - 15.11
assoc w/ stings,blebs oxide, amph, svmplect, minor sulfides; some
ihnenite?;77-78m: retrog 'Saurdal' eclog; banded wh mica atz, grt, omph,
amph,



Saurdal 7

III
Length (m): 78,00 - 81,00 Dh-S2 Sample: 52/78,4 Mag susc / Q-value: 0,01696 I 3,6400

Retrograde eclog to grt amphib/78-80 m: Gn, omph, symplect, amph, Density %Ti02 - %Fe203
minor sulfides, oxide as rutile-ilm or rutile-titanite; grt evenly distrib, sli (g/cm3): (XVIET: n=3):
flattened; late veins offsp+amph, syn-shear vein devel (79.5-79.6: banded 3,3)2 2,13 - 15,55
wh mica+fsp); 80-81 rn: banded grt-mica amphibolite; grt as sm. broken
porphyrobl, evenly distrib, rimmed by amph,+fsp,qtz, stringers of ilm,
ingt+rutile? MICROSCOPYING:

Length (m): 81,00 - 84,00 Dh-S2 Sample: Mag susc / Q-value:

Oxide-bearing retrog eclogite, grt amphibolite/Banded to f-gr massive w/ Density 9/oTi02- %Fe203
slightfoliation; grt ubiquitous as clusters, clumps, stringersflattened (g/cm3): (XVIET: n=3):
along foliation; matrix dk green amph, It green symplect, some wh. mica+ 0,00 - 0,00

chlorite (81-82.4m), ingt/ilm; magnetic character variable but not strong;
minor sulfides esp. in cm-wide sheared veins (81.0-81.2, 81.4-81.6, 82.3-
82.5)•
Length (m): 84,00 - 87,00 Dh-S2 Sample: 52/85,0 Mag susc / Q-value: 0,00767 I 1,3900

Chlorite-magnetite schist to retrog eclog/84-86.1 m: Grt as massive Density %TiO2 - %Fe203
porpkvrobl, aggregates and stringers, + amph, mgt/ilm, ilm/rutile, (g/cm3): (XWET: n=3):
omphacite, minor sulfides; wh. mica banding (ii, 84-84.4); late amphiboite 3,427 3,03 - 17.38
veinlets; ret weak magnetism; 86.1-87m: chlorite-actinolite-mgt/ilm
schist: coarsely foliated, massive and reL f-grained; Ep+fsp+vein sulfides
(a86.1,86.5-.6. MICROSCOPYING:

Length (m): 87,00 - 90,00 Dh-S2 Sample: Mag susc / Q-value:
Chlorite-mgt rock grt amphibolite/87-87.5m: massive chl-mgt - fsp in Density %TiO2 - %Fe203
coarse grt clurnps (4-rutile, ilm, ingt); 87.5-88m; grt-rich chloritized rock; (g/cm3): (XLIET; n=3):
grt clusters filled w/ amph, symplect; relict rutile?; 88-89m: sli. 0,00 - 0,00
foliated, f-gr massive qtz rock; 89-90m: v-fine-gr,
massive green rock; chlor+ serpentine+Ingt/ibn, minor sulfides; cracks
wiamph+qtz.

Length (m): 90,00 - 94,00 Dh-S2 Sample: 52/90,2

Chlorite-mgt gneiss - grt amphib/ 90-91.4m: milky green/dk green +
flecks ofoxide, minor grt: pale grt patches w/ amph-oxide rims; 2 arnphs?;
91.4-93m: c-gr, sli. filliated chl-amph-mgt schist w/ minor grt; flecks,
stringers mgt(+ilin), 2 amphs: 93-94 m: grt-rich, grt amphibolite, clumps
and ductiley deformed f-gr grt aggregs cut by amph, mgt, ilm - svmplect;
all magnetic

Density

(g/cm3):

3,128

%Ti02 - %Fe203

(XlIET; n=3):

1,32 - 12,07

Mag susc Q-value: 0,02926 I 8,2900

•



Saurdal 8

II,
Length (m): 94,00 - 97,00 Dh-S2 Sample: 52/95,I Mag susc / Q-value: 0,00709 I 2,0300
Chlorite-mgt gneiss + grt amphib/94-96 m: Chl-mgt rich rock w/ grt- Density %TiO2 - %Fe203
richer portions, some retrog eclog?; grt as f-gr aggregs in conc. zones

. (g/cm3): (XMET; n=3):
amph, tngt, chl, minor fsp, ilm?; var. magnetic; ductilely folded; Ep-vein 3,134 0,83 - 13,19
@94.2-94.3; 96-97m: chl- mgt-fsp-tremolite rock w/ gt-mgt-relict omph
zone @96.5-96.6; mgt asflecks, ductiley deform. stringers.

LengM (m): 97,00 - 100,00 Dh-82 Sample: Afag suse / Q-value: I
Chlorite-mgt gneiss + grt amphib/97-98m: banded chl-fsp-mgt- sulfide Density %Ti02 - %Fe203
gneiss; grt-mgt zone @ 97.4-97.5m; 98-98.5m: v. grt-rich zone; mainly Ig (g/cm3): (XMET; n=3):
grt cluster w/ ductiley interstitial mgt, amph, symplect?; 98.5-100m: finely 0,00 - 0,00

laminated chl-mgt-mica-amph-fsp gneiss; minor distrib grt (replaced by
fsp). Felsic-richer zones are tnost magnetic.

•
Length (m): 100,00 - 105,60 Dh-S2 Sample: Mag susc / Q-value: I
Chlorite-mgr-amph gneiss/Banded-foliated mafic gneiss w/ minor grt; Density %TiO2 - %Fe203
whole section magnetic; 100-101.5m: chl-fsp-tremol- mgt schist; 101.5- (g/cm3): (XMET; n=3):
102.2m: as above but w/ grt clumps/clusters surr. by chl/mgt; 102.2- 0,00 - 0,00

105.6m: grt-poor to grt-free chl-tremol- fsp-mgt gneiss; foliated/banded;
mgt as coarse bands, flecks or stringers; thicker bands tremolite, wh. mica,

Isp.

Length (m): 105,60 - 109,00 Dh-S2 Sample: 52/107,0 Mag susc / Q-value: 0,02203 I 19,4700
Retrog eclog to grt amphib to chl schist/105.6-107.5m: grt-bearing amphib Density %TiO2 - %Fe203
to eclog; grt in thick zones as aggregs ductilely cut by amph/mgt; thin (g/cm3). (UIET; n=3):
patches w/ symplect (wnp); 107.5-108m: tngt-chl-fsp rock (black and 3,291 3,64 - 22,04

green, ductilely mingled); 108-108.6: grt-bearing chl-mgt rock; grt in

111 aggregs. surr. by mgt/ilm; 108.6-109m: banded chl-trem-mgt gneiss

Length (m): 109,00 - 112,00 Dh-S2 Sample: S2/109,9 Mag susc / Q-value: 1,54701 I 8,9100
Chlonte schist/Massive to foliated, reL coarselv xlIne chlorite-rich schist; Density 1 %TiO2 - %Fe203 ,

1109-110.8m: chl-trem-mgt schist; mostly chlor w/ tremol(bladey, coarse, (g/cm3): ! (XWIET; n=3):
wh-gray), green amph, mgt. biotite, fsp; (109-110.1= strongly magnetic); 1 3,584 5,78 - 25,57
110.8-112tn: grt-bearing chlor schist + fsp, qtz bands, biot, amph; grt
replaced by chlorite. M1CROSCOPYING:

•
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Length (m): 112,00 - 115,00 Dh - S2 Sample: 32/112,6 Mag susc / Q-vahte. 0,00098 I 1,1300
Biot-amphibole gneiss to mafic (green) schist/Transition rock; I12-112.8m: Density %Ti02 - %Fe203
green, rei massive, c-grained, weakly foliated; grt porphyrobl replaced kv (g/cm3): (AMET: n=3):
biot, ch1, oxide, matrix of chlor, amph, biot, oxide; sharp contact @112.8; 3,109 0,47 - 13,97

112.8-114m: banded, coarse grt augen (0.5 cm), biot, amph, fsp, qtz, oxide
ind in grt and mix; 114-11.5m: bio-amph-fsp-grt gneiss

Length (m): 113,70 - Dh- S2 Sample: 52/113,7 Mag susc / Q-value: 0,00115 I

Density %TiO2 - %Fe203
(g/cm3): (XVIET; n=3):

0,56 - 8,28

Length (m): 115,00 - 120,00 Dh-S2 Sample: Mag susc / Q - value:
Green-gray banded gneiss/Biot-green amph-fsp-qtz, minor sulfide, grt, Density %Ti02 - %Fe203
oxide gneiss; distinct banding w/ fsp-qtz rich layers alternating w/ more (g/cm3): 23L1ET: n=3):
inafic; grt rei sparsely distrib porphyroblasts; sli. ductile deform. evident; 0,00 - 0,00

non-magnetic.

Length (m): 120,00 - 127,00 l9h- S2 Sample: 32/I20,9 Mag susc / Q-value: 0,00063 I 0.9800
Finely laminated green-grav gneiss/gray-green a1ternating w/ white
1aminae: qtz, fsp. amph, biotite, f-grained and rare grt, titanite, oxide,
sulfide, minor chlorite; weakly magnetic.

Density

(g/cm3):


2,86

%TiO2 - %Fe203
(flIET; n=3):

3,69 - 8,41

Length (m): 127,00 - 130,00 Dh- S2 Sample:

Banded, biot-amphisp gneiss/Fsp-qtz, green amph, biotite, grt augen
replaced by biotite

Mag susc / Q-value: I

Densitv , %TiO2 - %Fe203

(g/cm3): ,I (U/IET; n=3):

0,00 - 0,00

Length (nt): 130,00 - 133,00 Dh- S2 Sample: 32/130,8 Mag susc / Q-value. • 0,00098 I 1,0700
Homogeneous hornblende-mica-fsp gneiss/Relatively amph-rich (greenish- Density %Ti02 - %Fe203
black), fsp, gtz, phengite, minor biotite, oxide inclusions in fsp and matrix (g/cm3): OiVIET: n=3):
minor sulfides; not v. magnetic; no grt; amphibolitic zone has mottled 2,816 1,13 - 8,56
appearance: other areas sli. more banded

•
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• Length (m): 133,00 - 136,40 Dh-S2 Sample: Mag suse / Q-value: 1




Finely banded biot-fsp-amph gneiss/green gray to pale green, white, finely Density %Ti02 - %Fe203




foliated gneiss; fsp-qtz-biotite-amph, minor grt; late, thin cross-cutting (g/cm3): (flIET; n=3):




felsic veins; weakly magnetic; missing section= 133.6-134m.




0,00 - 0,00

Drill-hole Dh-S3

Length (nt): 0,00 - 3,00 Dh-S3 Sample: Mag susc / Q-value:

•
Eclogite/Variably retrogressed with several phengite-rich zones. Local

large garnet clusters. Visible green amphibole and symplectite afier
omphacite.

Density
(g/cm3):

%TiO2 - %Fe203

(%MET; n=3):

Length (nt): 3,00 - 6,00 Dh-S3 Sample: Mag susc / Q-value: I

Eclogite/Medium to coarse-grained. Oxide-enrichment at 5.50-5.65 m Density %Ti02 - %Fe203
(mt/ilm). (g/cm3): (MET; n=3):

Length (m): 6,00 - 9,00 Dh-S3 Sample: 53/6,5 Mag sust / Q-value: 0,01043 I 1,5100

Eclogite/Varies from medium-grained, reL garnet-rich (6-8 m) to fine-gr. Density %TiO2 - %Fe 203
assembt nearly garnet-absent (8.20-8.70 m). (g/cm3): (XMET: n=3):

3.402 5,47 - 18,81•
Length (m): 9,00 - 12,00 Dh-S3 Sample: 53/9,5 Mag susc / Q-value: 1

Eclogite/Fine-grained, fairly fresh eclogite; omphacite- and/or symplect Density %Ti02 - %Fe203
dominated (green color), 11.0-12.0 m garnet v-fine grained with (g/cm3): (XMET; n=3):
retrograde textures. 8,56 - 24,44

Length (m): 12,00 - 15,00 Dh-S3 Sample: 53/12,6 Mag susc / Q-value: 0,01655 I 4,9500

Eclogte/Mostly fine- to med-grained, variably retrogressed. Most strongly Density %Ti02 - %Fe203
altered at —13.10 m where fine-gr .symplect. dominates. Local sulfide (Py) (g/cm3): (XVET; n=3):
enrichment. Oxide enrich.= 13.5-14.75 m. 3,402 3,11 - 16,82

•
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111
Length (m): 15,00 - 18,00 Dlt- S3 Sample: 53/I7,5 Mag susc / Q-value: 0,00132 I 1,9500

Eclogite/Visible rutile at 17.5 ni (sample for thin section), otherwise mainly Density %Ti02 - %Fe203
fresh with var. retrogr. portions. F-grained garnet. Altered most at 15.0- (g/cm3): (2iMET: n=3):
15.35 m 3,424 494 - 16,24

Length (m): 18,00 - 21,00 Dlt- S3 Sample: Mag susc / Q-value:

Eclogite/Fresh ecL at 20.0-21.0 m with Ig. pyrite cubes ® 20.42 m. Density %T102 - 9'oFe203
Rather fine-gr., fresh ® 18.0-20.0 nr. Oxide enrich. 18.0-18.20 m (g/cm3): 031ET; n=3):

(mt/ilm).

Length (m): 21,00 - 24,00 Dh- S3 Sample: 53/23,0 Mag susc / Q-value: 0,00724 I 0,5000

I,
Eclogite/ReL fresh. Markedly magnetic (hand magnet)@ 22.70 m. Oxide Densitv %Ti02 - %Fe203
enrich. betw. 22.00-22,30 m and 22.80-22.95 m. (g/cm3): (XMET; n=3):

	

3.654 4,87 - 18,86

Length (m): 24,00 - 27,00 Dh-S3 Sample: Mag susc / Q - value:

Eclogite/Very variable degrees alteration. Strongly altered (later felsic Density I %Ti02 - %Fe203
"intrusion, to qtz-fsp-phengite assembl. 25.60-26.27 m. No magnetic (g/cm3): (XMET: n=3):

reaciton with hand magnet.

Length (m): 27,00 - 30,00 Dh- S3 Sample: S3/29,5 Mag susc / Q-value: 0,00543 I 1,0500

Eclogite/Ranges fr. rather strongly retrogr and sheared assembiage (29- Density %Ti02 - %Fe203

41.

29.5 tn) toward coarse-gr, ret fresh eciog (27.3-28.0 m). Late, str-slip

displacements (29.2-29.45) w/ felsic veins (1 cm).
(g/cm3): 031ET: n=3):

	

3,251 1,09 - 12,00

Length (nt): 30,00 - 33,00 Dh- S3 Sample: Mag susc / Q - value:

Eclogite/Rather fresh eclog.; varies from f-gr to coarse-gr, locally mod. to Density %Ti02 - %Fe203
strong retrogr. Strong mt/ilm-accumulation —30.95-31.20 m. Ifighly (g/cm3): (flIET; n=3):
magnetic at 31.09.

Length (m,): 33,00 - 36,00 Dh-S3 SampIe: Mag susc / Q-value: I
Felsic eclogite/Xfoderately retrogr. Sm.patches ofphengite in slight 'web Density ! %TiO2- %Fe203
texture' arrangement. No magnetic markers:no oxide accumulation. (g/cm3): (EMET: n=3):

•
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• Length (m): 36,00 - 39,00 Dh-S3 Sample: Mag susc / Q-value: I

Eclogite/7'ransition fr fresh, fine-gr eclog. (38.0-39.0 m) to strongly Density %TiO2 - %Fe203 i
retrogr. eclog. w/ up to 50% felsic material + amphibole. Retr. eclog. w/ (g/cm3): (XMET; n=3): i
qz-fsp schlieren 37-38 m. No magnetic zones; no oxide.

I

Length (m): 39,00 - 42,00 Dh-53 Sample: Mag susc / Q-value:

Eclogite/Fresh (39.0-41.0 m); 41-42 m slightly more retrogr. or dominated Density 947702 - %Fe203

by fine-gr garnet + omphacite and abundant fine-gr pyrite dissemination. (g/cm3): (KMET; n=3):

Length (nt): 42,00 - 45,00 Dh-S3 Sample: S3/42,9 Mag susc / Q-value. • 0,03181 I 4,5300

Eclogite/Variably retrogressed. Late, cross-cutting amph. veinlets 44.5- Density %TiO2 - %Fe203 '
44.8 m, (some + qtz-fsp). @43.85 m strong retrogr. assoc.with veined qtz- (g/cm3): (ZIIIET; n=3):
fsp; garnet resorbed. No marked magn. zone. M1C'ROSCOPYING: 3,494 5,25 - 18,39 ;

Length (m): 45,00 - 48,00 Dh-S3 Sample: S3/45,9 Mag susc / Q-value: 0,00328 1 4.2800

Eclogite/Variation from fresh to retrogressed. Density
(g/cm3):

3,4

%Ti02 - %Fe203

(WET; n=3):

1,72 - 13,28

Length (nt): 48,00 - 51,00 Dh-S3 Sample: Mag susc / Q-value: I

Eclogite/ Patchy distr. of grt - mt/ilm. Late amph. veinlets. 50.5-51.0 m: Density %TiO2 - %Fe203

al
v. coarse-gr (pegmatitic) and assoc. with coars ilm/mt. 50.0-50.5: v. green (g/cm3): (WET; n=3):
eclog. with omph >> grt. Retrogr. 48.4-48.9 nz.

i

Length (nt): 51,00 - 54,00 Dh-S3 Sample: S3/52,5 Mag susc / Q-value: 0,04291 I 24,140

'Oxide' eclogite/v green and red, coarse patches ('pegmatitic). Rutile Density %TiO2 - %Fe203
blended w/ grt? Omp + some amph., qtz, coarse clumps pyrite. Thick (g/cm3): (WET; n=3):
stringers of oxide (mt/ilm) obvious.53-54 m: fine-gr blebs ofgrt + oxide 3,758 2,73 - 22,34

stringers (magnet.). Syn-shear deformation apparent. M1CROSCOPYING:

•
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.
Length (m): 54,00 - 57,00 Dh-S3 Sample: Mag susc / Q-value: I
Retrog eclogite-felsic amphibolite/Slight, coarse foliation; strung-out Density %Ti02 - %Fe203
garnet patches+ oxide (ilm + rt?) +/- felsic material, sulfides (c-gr= 2mm). (g/cm3): (XMET; n=3):
Magnetic only @ 54-54.4 m: blebs, patches of mgt/ilm in matrix of grt,
omph, amph, + sulfides. Late amph. veinlets. Late pheng. cracks.

Length (m): 57,00 - 60,00 Dh-S3 Sample: Mag susc / Q-value:
Retrograde eclogite/ Coarsely banded, sheared. Zoned dark-light green, Densily %TiO2 - %Fe203
white, reddish. Grt. as aggreg. in smeared patches+ pheng.,amph, fsp, (g/cm3): (XMET; n=3):
qtz. Rare grt as indiv. porphyroblasts. Variable magnetism—none strong.
Minor c-gr sulfides+/- oxide (ilm). Veinlets of amph+ zoisite.

Lengtit (m): 60,00 - 63,00 Dh-S3 Sample:

Felsic variation, retrogr. eclogite/Garnet as relict coarse patches +/-
oxide (rutile + ilm), in ductilely strung-out pattern. Fairly c-gr,
granoblastic texture. Some sli. felsic zones w/ fsp around grt. + qtz,
sulfides. Weakly magnet.

Mag suse / Q-value:

Density %Ti02 - %Fe203
(g/cm3): (AMET: n=3):

Length (m): 63,00 - 66,00 Dh-S3 Sample: 53/65,4 Mag susc / Q-value: 0,02083 I 40,1600
Grt amphibolite-felsic amphib-retrog eclogite/Fairly c-grained, blotchy Density 94TiO2 - %Fe203
grt, hornblende. pyroxene, disseminated sulfides (pyrite), + oxide (g/cm3): (XMET; n=3):
(mgt/ilm); symplectite 64-65 m. Fresh eclogite has rutile, hbl, pyrite. 3,374 3,49 - 18,99
Sli. magnetic. 63.0-64.0m: Felsic variety, abund. fsp-pheng, symplectite
+ grt.

•
Length (m): 66,00 - 69,00 Dh-S3 Sample: S3/68,4 Mag susc / Q-value: 0.00651 I 2,3500
'Web-textured' retrogr. eclogite/ Web-texture from net offelsic+pheng. Density %TiO2 - %Fe203
material around mafic materiaL 66.0-66.4: Grt-bearing version offelsic (g/cm3): (VWET; n=3):
amphibolite/retrog eclog. oxides (mgt/ilm), svmplectite after omph., 3,041 , 1,96 - 9,88

+sulfides. 66.4-69: Coarse, web-amphibolite, weakly magnetic.

Length (m): 69,00 - 72,00 Dh-S3 Sample: Mag susc / Q-value:
Web-textured, felsic amphibolite (WTFA)/Coarse webbing, sli. Density %Ti02 - %Fe203 I

flattenedisheared. IVebbing= qtz,fsp,phengite. 69-70 m: some Mdiv. (g/cm3): (XMET; n=3):
preserved garnet porpkvroblasts. Minor dispersed magnetic reaction.
Oxide as single grains or thin stringers.

•
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al
Lengt12 (m): 7200, - 75,00 Dh-S3 Sample: Alag susc 0-value I
IfTE4 Complete 'wehhing' throughout section Igrzfip.phengile). Rare Densav 9TiO2 - 33517e203
garnet. Amphibole-dominant mafic mineral. Weakly magnenc. Ondes as 1g cm3): (XAIET: n=3):
tiny, dispersed single grains.

Length (m): 75,00 - 7a00 Dh-S3 Sample: 53 :12 Alag susc 0.01003 I 29.9300
IfTP-1 to retrog. eclog. 75.0-76.0 tn: Retrogr eclog. pale sympl. - Density %Ti02 - NFe203

blattened grt aggreg.: fair ana. onde 011/I),weakly magnet. 76-77 th: felsic (ggm3): (11,\IET: n=3):
amphibolite - zois.?. web-ten. 77-77.5 m: Flatiened stringv aggs. of 3,334 5,43 - 15.01grt-sympl - amph, onde "7.5-78 m: 17701

• Length (m): 78,00 - 81,00 Dh-S3 Saniple: 53 -9,8 Alag susc 0-volue: 0.00072 I 3.0200
Felsic garnet amphibolite 780-90.7 m: banded grr amphat.: single Densay 3t-t7702- 'ilce203
porphyrohl of grt in amph-dekste Theng, ISp, thatriy. Sheared; weakh. cm3 : CV.1.1ET: 17=3):
magnetic. 783-78.6: grt richer :one. 80.7-81 retrogr eclogite, some 2,953 30,5 - 5.91
onde as nade - granold gn. amph, omphacite.

Length (m): 81,00 - 84,00 Dh-S3 Swnple: Alag susc 0-value 1
retrog. to retrogr eclogne 81-83.3 tn: retr. eclog. Densto %Ti02 - 9513e203

fonned to blotchy grt -symplect -amph-belsic stringers. 82.3-82.6= gn- ig cm3d: CVAIET: n=3):
richer :otte. 83.3-84 retrogr. todresh eclogite: Some ande as -
ilm„s.tmplect, (imph. 1-cm wide zone mgt. tninor solfides.

Length (ne): 84,00 - 87,00 Dh-S3 Sample: S3 84.8 AlaEtsusc 0-value: 0.00288 I 1,5400
Grt amphiholite. rerrog eclog tofelsic grt amphih 84-86.1 tn: some Densav -10)Fe203
patchy„granohl. fresh eclog; else vanahle degrees felsic-grt atnphib. (m3): LWET: 17=3):
I'Saurdar-appearanced ft.eak Ihhation. Gn in .sympl -amph, pheng, fsp, 5,547 3,59 - 18,33
qtz. Onde sinngers weakly magnet. 86.1-87 tn: gn wnphibolite: large
veins st• coarnt marenal. 12-grgarnet. -atnph. oxide.

nuarn.

Length (m): 87,00 - 90,00 Dh-S3 Satnple: 33 89.9 Alag susc 0<alue: 0.11503 I 22300
Retrog. eclog to ande .fiasic amphiholite 8787, 5 m: handed gheen-white Densar "A7702 -.-t112e203
ttyp,gtz,ampht • oxide, relict grt fi// to stronglv magnette. 87-89 R on3): CV1IET: n=3):
tn: ampinholire to grdennphib. 89-90 th: i retrog. eclog. tofresh eclog.: 3,494 5,71 - 20.43
grt parches iii xvmplect.. amph. ostde. Hattened arethrtn. ipatchily maenetic
angt -thtt, thade a,ç thin strowerv. XIICRO5C01-1}7.VG:
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Length (m): 90,00 - 93,00 Dh-S3 Sample: 53/9I,2 Mag susc / Q-value: 0,07333 I 1,8300
Retrog. eclog. to oxide amphibolite/90-90.9 m: Patchy, aggs. ofgrt,
.symplect., amphib., oxide Weak magnet. 90.9-92.4 m: Grt poor-




absent except 10 cm at 91.5 m; majority as amphibole + visible oxide
flecks. 92.4-93 m: V. retrog. eclog.; sympl+relict grt-tIsp+oxide (mgt/ilm)
flecks

Length (m): 93,00 - 96,00 Dh-53 Sample: 53/93,9 Mag susc / Q-value: 0,00148 I 2,1600
Retrog. oxide-rich eclogite/Patchy (grt clustersflecks oxide, symplem,
amph), mottled, tof-grained. Flecks of oxide prevalent: minor Fe-staining
sulfides: fresh, granoblastic eclogite @ 94m (-s-rutile,ilm). Minor
magnetite in 2 thin zones. Amphib. veinlets ((ate).

Density
(g/cm3):

3,415

%Ti02 - %Fe203
PalET: n=3):
2,19 - 13,07

Length (m): 96,00 - 99,00 Dh-S3 Sample: S3/97,9 Mag susc / Q-value: 0,00918 I 48,3800
Retrog. oxide-rich eclogite/Variesfrom mottled, blotchy (as above), to Density %Ti02 - %Fe203
single grt porphyroblasts in sea of.symplect. Some mgt, but overall weak (g/cm3): PCMET:n=3):
magnetism. Some rutile blended with ilmenite; minor sulfides (Fe- 3,619 7,86 - 21,20
staining). MICROSCOPYING:

Length (m): 99,00 - 102,00 Dh-S3 Sample: 53/I00,2 Mag susc / Q-value: 0,00918 I 0,7900
Retrog eclog. tofelsic 'SaurdaP-typeeclog./100.6-101 m: missing section.
99-101 m: phengite-rich retrogr. eclogite; coarse phengite(-4-fsp?)zones,
amphibole, relict garnet: 100.5-100.6: thin ilmnutile±eclogite zone; 101-
102 m: retrog eclog, w/,felsic • symplect tnaterial, coarse grt clumps,
sheared patches, oxide stringers; rutile surr by iIm?; weakly magnetic.

Density


(g/cm3).


3,451

%TiO2 - %Fe203

WIET: n=3):
Z24 - 10,33

Density
(g/cm3):

3,445

%Ti02 - %Fe203
(fl4ET; n=3):
7,21 - 21,32

Length (m): 102,00 - 105,00 Dh-S3 Sample: 53/102,8
Retrog. to fresh, oxide-rich eclogite/Fairly coarse-gr, well-preserved
(granoblast.) grt ±omph -amph nympl+oxide stringers,flecks-Esulfide:
minor qz,fsp. 102-102.5 m: f-grained, single grts in omph.; 102.5-10 5:
large patchevaggs ofgrt. Weakly magnetic, minor strongly magn. are as.
Poss. relict rutile (-ilm)? Late amph, qtz veinlets.

: 0,00553 1 1,2800
%Ti02 - %Fe203
(XWET: n=3):

3,42 - 17,39

Mag susc / Q-value

Density
(g/cm3):

3,524

•
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Length (m): 105,00 - 108,00 Dh-S3 Sample: mag susc Q-value:

Retrog, oxide-rich eclog to amphibolite/I05-106 m,106.5-107 m, 107.3- Density %Ti02 - %Fe203

108 m: retrog eclogite + oxide (rutile+ilm?); varies from ductiley banded (g/cm3). (WET; n=3):
to homogen. assetnbl grt, symplect, amph, oxide (mgt/ilm in flecks and

stringers; minor sulfide.106-106.5,107-107.3 m: amphibolite, banded

green+white, relict grt, much oxide (mgt/ilm). Chatter fractures w/ qz

prevalent.

Fine-gr amphibolite to retrg eclog to oxide eclog/Gen'l patchy, homog mix

ofgrt, sympl, amph, fsp, oxide. Most v. magnetic. Oxides as stringers,

blebs. 108-109: retrog. eclog., inhomog: grt, oxide, sympl to grt amphib.

to grt+oxide zones+sulfides; 109-109.4: sulfide-oxide rich amph);


109.4-110.2: v. grt-rich, + sympl/amph, oxides, poss. rutile relicts,

sulfides. MICROSCOPY1NG:

Length (m): 109,40 - Dh- S3 Sample: 53/109,4 Mag susc / Q-value: 0,14806 I 13,1500

MICROSCOPYING: Density ! %TiO2 - %Fe203 !

(g/citt3): (WET; n=3): f

3,904 9,66 - 25,09

16

Length (m): 108,00 - 111,00 Dh- S3 Sample: 53/I08,9 Mag susc / Q-value: 0,40713 I 9,5200

%TiO2- %Fe203
(LMET; n=3):

! 5,18 - 22,93

Density
(g/cm3):

I 3,456

Length (m): 111,00 - 114,00 Dh- S3 Sample: 53/I 11,8

Black, oxide-rich, retrog eclogite/Patchy clusters/aggreg broken gar nets,

surrounded by amph thin oxide stringers; sli. shear-deformed folia tion;

ret homogeneous mineral distrib: impregnated sulfides; magnetic

overall. MICROSCOPYING:•
Density %Ti02 - %Fe203
(g/cm3): (WET: n=3):

3,355 2,35 - 14,38

Mag susc / Q-value: 0,00914 I 1,7600

Length (m): 114,00 - 117,00 DIt- S3 Sample: S3/I15,7 Mag susc / Q-value: 0,72934 I 15,4200

Variably retrog eclogite+ amphibolite/I14-114.3,115-115.3: Patchy,

ductiley folded, pale green retrog eclog; grt aggreg, -amph, symplect, late

amph veinlets: 114,3-115: retrog eclog to oxide amphibolite, sli banded;

thin garnet patches, oxide magn) stringers, amph; 115.3-117: V. retrog


eclog to oxide-amphibolite; parchy grt. svmplect,amph,ilm+mgt

flecks,sulfides. MICROSCOPY1NG:

Density
(g/cm3):

3,459

%Ti02 - %Fe203

(WET; n=3):

6,69 - 22,47

•
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Length ara: 11-,00 - 120,00 Dh-S3 Sample: Iag 11,\C' 0-value:
t'ataahlv retrog eclagite- wnpluhahte I in. retrog eclog: shearecl Densav c'0T10: -
w that elongate grt patches, symplect, green amph, miner sulfides, 6m3 n

i.


vanah(v hut not stong1v magnehe tilin mgt): 11N-119: eclogite: 5..trtin
caarse patches, aggregares-symplect. ampn. watle
1 ilecky, blehs rehet “tlkide: 119-120: strongly
retrog eclog- amphiholite

Length (m): 120,00 - 123,00 Dh-53 Sample: .S1ag u 0-value: 1
Eclogite w grt amphiholire I 'oar.w. . hetn,.(1e1Prtned Densav 2.117702-
pawhes complex yvmplect nunerals. amph, grt: sotne :ones v. amph ig n

qngt din) areas 1t-t-richer zones - rutile.  tefi-presen-ed a 120.5-121.
121.3-122, tn. 120-12a 5 ;; ntlgnette, :utpregnated

1.ate ampinhale veinlet.s.

Length (m): 123,00 - 126,00 Dh-S3 Sample: ,Slog vuse 0-value:

Retrog. eclogile mmor amphholue Locallv stronglv magnenc: sli. Densav ?6Ti0: - ;I:e2D3
inagnetw overall: some grt-rich :ones lv thin xtring.‘ oJ ruole assomated. 1,t;cm3o n 31:
irt-paorer :oties w sunplect. - amph hIchs ingt Lete amphihole

velnlet.s 123-123.5 ampInhohre ounpn. rso. IIM. lides

Length ara: 126,00 - 129.00 Dh-S3 Swnpie: S3 12 "..' 5 fag 0-value: 0.02645 n.',1a0

	

minar retrog eciugite and c'( fi;j11(' 126-12-: fresh, c- i)ensitv :;/102 - •;1;e20!
grained at lagae, grt. svmplect, rnnpit avuie. sonie as rutmie,. 12"- g cm5).
12.1,15: handed green - ulute ampinholtte: 12" •3-129- retrog, eclogite: 3.104 5,-15 - 12,12
inassire, pale green symplec) equigranular ampluhele: late cracks
iilled  t'  111lideS

Length (m): 129,00 - 132.90 1M-.V3 Sam) ;3 L5 .‘lag  u1(' 0-1711lie 0 01504 1 2."(100

a'10S111(' lOurh- masylve, *resh: reour,;r in 129-130 m. Sh. johation: flensity

grt equigramdar in v lumps and dr  pened. mesh some Ig 01151: CUlliT: II 5)
InItior runle: 129-13n 2 ampinholes. ,druigers thed 3,434 -

in 5-ent   ide :onev Felyie pelonet

•

•

•
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Length (m): 132,90 - 136,00 Dh-S3 Sample: 53/134,0 Mag susc / Q-value: 0,00453 1 1.3200
Felsic-mafic retrog eclogite/132.9-134: disreminated sulfide+ oxide in sm. Densiry %Ti02 - %Fe203
augen in amphibolite; eclogite @ 132.9 mark (coarse grt, oxide (some (g/cm3): (IMET; n=3):
rutile)); 134-135.3: retrog. eclog, ductiley deformed/foliated; thin stringers 3,081 1,98 - 13,20

felsic material (+amp, epid, chlorite, sulfide, oxide= low magnetic); 135.3-
136: v. felsic, ductiley defonned retrog eclog; relict grt aggreg, amph.

Length (m): 136,00 - 139,00 Dh-S3 Sample: 53/137,I Mag susc / Q-value: 0,00126 1 1.5600
Retrog, felsic eclogite/Coarse, felsic (qtz-fsp-pheng) patches (3xI cm) Density %Ti02 - %Fe203
around grt+rutile/ttn?+amph+sympIect; ductiley deformed (swirled' (g/cm3): (flIET; n=3):
texture).

3,013 0,50 - 6,03

Length (m): 139,00 - 142,10 Dh-S3 Sample: Mag susc / Q-value:
Felsic, ductiley deformed grt amphibolite/I 39-139.3: Coarse grt aggreg, Density %TiO2 - %Fe203
symplect, + c-grained rutile (-0.5cm patches/aggreg strung out into svmpl (g/cm3): (DIET; n=3):
of omph+grt); 139.3-140: Felsic amphibolite; fsp, qtz, titanite, mmor
amphib; 140-142.1: retrog eclog; replacement text afier gn. +amph, fsp.
symplect, phengite, oxide (mgt/ilm?), chlorite

Length (m): 142,10 - 144,30 Dh-S3 Sample: 53/142,3
Oxide-rich, sli. retrog. eclogite/142.1-143: eclogite w/ coarse,
interlocking patches grt (granular aggregales), oxide stringers (mgt,
rutile+ilm). sulfides; vague foliation; 143-144.3: retrog eclog; grt
porphyroblasrs replaced by fsp, amph; sulfides. mgt/ilm.
MICROSCOPYING:

Mag susc / Q-value: 0,01022 1 3.7800

Density 9'oTiO2 - %Fe203

(g/cm3): OMET; n=3):
3,48 7,00 - 21,93

Length (m): 144,30 - 145,20 Dh-S3 Sample: Mag susc / Q-value:
Amphibolite/Chlorite÷actinolite+qtz+fsp+phengite+oxide; grt totally Density %TiO2 - %Fe203
pseudomorphed, no pyroxene. Oxides as elongate blebs, lenses: cores of (g/cm3): (XVET; n=3):
sulfide-froxide surrounded by thin oxide rinds. Sharp gradation Mto
eclogite @144.3

Length (m): 145,20 - 148,90 D1r-83 Sample: 53/145,5 Mag susc / Q-value: 0,00710 I 2.2900
Oxide-rich, retrog. eclogite/I45.2-148: dark, black-green-red eclogite w/
oxides; massive; stringers of mgt, but most oxide as ilm+rutile or rutile;
minor sulfides, minor chloritized alteration zones; 148-149: pale green
eclogite; grt aggregates, symplect, broken and surrounded by
amph+fsp+oxides. Some chlorite and phengite+fsp stringers.

Densitv %Ti02 - %Fe203
(g/Cm3): (2LVET: n=3):

3,34 2,12 - 13,35

•

•
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111
Length (m): 148,30 - Dh-S3 Sample: S3 14s,3 Ahig Suse 0-value: 0,00544 I 0.3400

	

Densitv i5TiO2 - 'sFe203

	

ist an3t: CVMET: n 3)

	

3,495 2,28 - 13.S5

Length (m): 148,90 - 151,90 Dh-S3 Sample: 53 150.5 .lfog NLINC 0-value: 0.00570 I I, 660)

Osade-rich. retrog. eclogite section 149.9-150.0) Banded, pole DensitY 9-siTiO2 -7hEe20.3
s.treen-red-hlack eclogite: fine-gr aggreg. or single porphyrohl grt Ig•cm3): CWET: n
resorhed bv amph -fsp. --symplect: same :ones sv fip-phengite: 3.383 2,91 - 17.52
occasional stringers of rutile poss. some titanitei: overall coarsely

silne: rossard 149 in get Ji-esfier eclogite, coarser grt: khe ainphih. vemlets.

111 Length (m): 151,90 - 154,90 Dh-S3 Sample: S3 153,6 .Slog su,se 0-value: 0,00227 I 2,2000

l?etrograde eclogite 151.9-154 5: lqnahly repog. sli. hamled eclog grt Density 91)Ti02 - (0)Fe203
porphyrohl retrag caronas, other zones w fi-esh omph-grt. Elonstate cm3i: 6111fET: 3):
stringers hfconcentr. osule solne (2re ihn rutile 1-2intn 3.361 2,09 - 11,3

thick stnngers. stretched over cms. 154.5-154.9: amphilsolite, with

gradual mansition to retrogr eclog. Phengite,,fsp. qtz. chlonte hands

througolit.

Length (m): 154,90 - 155,90 Dh-S3 Sample: S3 155,4 susc 0-value: 005155 I '<.5200

Ilin-mgt-hearing edhshte .thussive patches of hroken, reddish grt Densitv 9-67.102 -
aggregates with intimatelv assi,euned stringers /suh parallel to Cliars() ig itUIED n

	

of ihn - ingt mot always exceptionallY nitignelwr Soine ,Lhuni 3,495 5,52 - 19. ‘9
xllne psrasene, othensise 7 lot Ut aMph, qtZ. kullides: 154 --154

granohlastic wnph. qtz. - grt. All(720SCOP}d\TI.

Length (m): 155,90 - 158,90 Dh-S3 Sample: .tfag susc 0-value:

antphiholite Banded, w secondacv ingt in concentrated layers Density %TiO2 - ''sEe203
chlonte, gro, stnngy patchy appearance: illese alternate w ingtfree, ig-cm31: 611SIE7': n
grt chlonte amph zones: strt pale. dine-gr or aggregates: aggreg.

broken and w amph Sinne mgt 'disseminated'

Length (m): 158,90 - 161,90 Dh-S3 Sample: .Slag susc 0-value:

i'hlonte-mgt-grt amphiholite Banded mgt-rich and m,Z[-fiee zones as iii Densitv -657702 - //1-"e:03
above kection: second generation garnet here red-oranS:e cm3):

n


porphtrohlasts. Imt• D02 (XAilti meas.): sharp contact wah ingt-ore zmne
belosv.•



Saurdal
'o

Length (in): 161,90 - 163,70 Dh-S3 Sample- •V.I'162,9 Alag N.use tt-yalste 5.71627 1 0.9mn0
( hlorite-trtgt nre zone lihnk ‘ttul green. _tinely handed: ;hmprt.‘es chlrotte Densth, 3:7702 - )>Fe203

tnasswe magnettte sotne amplithole and v. mrn/w grt 1)CnNeand ,g ems) ).V.SIET:n '
etetremely tnagnenc. .S11(WO.h('01')r.VG: 4,332

Length (n): 163,70 - 165,50 Dh-S3 Sample: .\Iog su.vc 0-volue
hlonte-ingt-rt ampluholfic npes: I 1-',;rmerlt c-v.u-ained Denmcv 7702 - ?I).1-C203

agereg. to Jrrt - thn rultle .pritnart ). now fracture and rilled g cm!, n-
amph -unca chalco 2) mhloraced zones w v.
relict grt • prevalent . Iringerv ingf •ftp thlack on whaet: ,grl man also he
surrnwuled hy stringers cnncentr nigt --dnr Solne retrogr nTlamentent
grr

•
Length (n): 165,50 - 168,50 D/i-S3 a'np/e 5 165.9 ‘01:2 -usc thvaine fl 6:562 I 2 »,,,0
.11a.v.vivelychlorluzed cunpluluihre thssetnwaled mognellte .S.Irgrr- nenmtv 7702 -
poorer Yersums ith 1) and 2) ahove u addltional ilurd tyrte: thoroughly ).V.11ET.-n
chlotattzed rock w mgr, amph, ihn pheng. .l11(720. '('0PYING: 3.346 3,60 - 22,60

tength (m): 167,10 - Dh-S3 .\ample: 1,57,1 sitsc 010322 I 3.23)10

Bensni  - -9;;Fe203

(gcni3). n=3)..

3.425 1,87 - 78,49

al, Length (m): 168,50 - 172,40 ph-S3 Sample SIgc,su.‘c (1-value ' I
( irt-beatung ampinhhte .Impli rehrt ,grt - chlonte - sinne ril.-31.sp - Ltensm- 107702 - c'0Fe203
at cess. bleme chtsters ,eln-si:)- ,)Vide ,SOMCInyl, hur ruml 1 rillt-ucakIt ig cnt3). ).UIET: n- 3):

tnagnettc). 4 eak handing.

Length (n): - 1-3.30 Dlt-53 Sontple: hiag  use )-vaitte-
Itnphthtme Rehet zunph qt: phengIW Fe-uXich"»e-stalnIng!- Density -'),7102 - 1,21/e203

Chlarat' L'Hne". liYidenme late. hratle .1racturg httt dontinant reature is ul -g mtn3). n- r-
tluettle shear-derte-tnattan 1 a green - whlte striped appennwce. Not
magnenc.

•
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.
Length (nn): 173,30 - 1.76,30 Bh-S3 Sample. S3 174.9 1,Iag,suse 0_alue 0,00063 I 0,5600
13anded amplubolire Banded hiotilefsp.grt, :u.-:alternates sr mafic (gn. Densay '0T)02 - ''sl:C203
amph, qtz, osude): chlonte along fbactures (1-2cm srule): fine-gr sulfide tg cm3): (X.SIET; n 3):
(pyrite), weak1s:magnetic tesp. in chlorm:ed :ones): grt isJine to med-gr, 3.116 0,91 - 11,18
hroken, retrogressed

Length (m): 176.30 - 178,40 Dh-S3 Sample. .Slag susc 0-value 00(J117 I 9,63(11)
Chloritized amphihohte Chlonte. actinolile. phengae, fsp. qt::, Fe-oxides, Densay '07"102- 4:C203
mgt, some stringers patches 0f dmenae: grt-rtcher :one (10-cm thick)w g cm3): n 3):
,grt in clusters, ductilev delOrmed appearatwe, hroken and 'filled by 3,113 0,19 - 15,7)

amph—fip--- dm.

41, Length (nt): 178,40 - 181,50 Dh-53 Sample. .11agsusc 0-value: I
Garnet amphilsolite IS:nahlv retrograded. granohlastic. Densay ''Sra.)2 - '.:1;e203 .
grt—amph-omph --qt: -ssmplect: ssrt var scuts, broken hut uhiquitous: :g cm3): :X.S1ET: n $).-
some s'eans wah chlonte - coarse sullides.

Length (m): 181.50 - 183,90 Dh-S3 Sample: S3 1634 susc 0-volue

Densav

'g cm3::

0.0010:

-
n

I 0,5

203

3::

, (I0
Garnet amplubohre 161 5-162 9: nmnded grt porphyrohlasts 11-2 tntn) w
reaction coronas, amph, ervides, relut innph: 182.9-163.9: Grt-poorer
zone. mainly amph.,ksp utz: slight(v magnetu si cm-srule ehloritized cracks. 3.1-1 0,72 - 14,96

Length (m): 183,90 - 188,00 Dh-S3 Sample: 53 164.5 .‘lag susc u-s-a)ue. 0.00063 t 1.570

111 Banded gnelss .11ternaung, sheared hands ot green - white mmeral blvers: Densas '--;h02 - 'sbe21)3
ISp. qt:, green amph: rehet grt w ,lip corona.s: some small. preserved ig cm30 :.1111ET.n 3):
eclogae lenses :1-1 5 cm-:hameter:,. sseak to no inagneown. 3, 04- 0,13 - 9, 05

Length (m): 186,90 -


.SIICROS(.01-'}7.VG

1.)k-S3 6ample: 53 186.9 susc 0-value 000093 2,1400

	

Densztv 01702 - 'th:203

	

:g cm3: :X.S1ET. 17 3::

	

3,196 0,85 -

•
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111 Length (m): 188,00 - 190,00 Dh-S3 Sample: S3/189,1 Mag suse / Q-value: 0,00148 I 6,1700

Eclogite/Banded, ductiley defonned; grt+omph+flattened, teL coarse (2 Density %Ti02 - 96Fe203
mm) rutile patches; zonesof gneissic material (phengite+fsp) of 0.5-1 cm (g/cm3): (2OIET: n=3):
thicknesses. Somec-grained sulfides; sli. magnetic. Late amphibole 3,556 0,84 - 15,98
veinlets. MICROSCOPYING:

Length (m): 190,00 - 190,70 Dh-S3 Sample: S3/190,7

Eclogite/Ductiley-defonned; c-grained aggreg. (cm-size)pale red grt with
blended rutile, c-gr clusters omphacite; somesulfides/ oxides (c-gr),
mainly in minerafized cracks; somepatches quite magnetic.

0,00144 I 3,1300

%Ti02 - %Fe203
(XMET; n=3):

63,4 - 16,61

Mag susc / Q-value.

Density
(g/cm3):

3,656

Length (m): 190,70 - 193,00 Dit-S3 Sample: 53/192,1

Gneiss/Banded; phengite. amph, qtz,fsp, titanite, w/ sm boudins of
grt+omph. Meta-tonalite? MICROSCOPYING:

Mag susc / Q-value: 0,00054 I 3,7800

Density %TiO2 - %Fe203

	

(g/cm3): (XllET; n=3):

	

3,144 0,17 - 8,26

•

•
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TELEFAX• SALA INTERNATIONAL AB
5-733 25 SALA SWEDEN
Tal. ,-46 224 57000 Teiex7538 SAL4 S
Direct dlal. 57767

Date: 1995-07-25

From

Gustav von Wachenteldt
Process Equipment


Nurnber of pages noL this: 8

To

A/S GARNET,STOKKE IND.A/S
Alesund , Norge

Att.: Svein Parr
Telefax No.: -r46 224 16950 Talefax No.: -r47-70 14 81 89
Our ref.: Your Ref..
Copy to.: SVEDALA A/S Ö. Hannisoal

ulo'fac : ration av ter Ra


Btiste Svein

Oversdnder harmed rapport Overvåra fOrsdk Saia med anrikningsspirai samt xkså en tamfore:se
med resultaten fran de gjoraa forsdken hos MESPROmed skakbord .
En skiss med fbrslag till flytschema for en kapacitet av 25 t/h med angivande av viss
huvudutrasming
har också bifogats . Derta skall ses mera som ett diskutionsunderlag och måste kompiertera ocn
detaljeras i ett antal punkter
.Hoppasatt detta år Ullfylleståtminstone for Mlfallet och infor Ditt kommande proiektmote .
Vi behöver senare ha en genorrwangfrirst diskureradetta mera i detalj .
Jag ser fram ernot art fa ta del av Dina kommentarer

Många halsningar
c_.

	

-----------------

cti _3

,./U.Stay

`.3t

•
SIF MEMBER OF THE SVEDALA GROUP

Page - 1
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GARNET4.XLS

P , 3, s
3Xt

Summerin av resultat

..larnfarelsermellan fårsoken hos MINPRO ( skakbord ) ach hos DENVER SAL.A
( arrikningsspirat ) visas diagramiorm i Bilagoma 2 , 3 ach 4 tår de fraktronersom testats
både på skakbord och anrikningsspiral .
På grund av osåkerheten I analyseringen av granatinnehallet i de proctuktersom ernållits vid
de clika tOrsOken• blir inte dessa jamfårelser helt entydiga .

graktionen - 2 + 1 mm
Enbart testsd hos MINPRC .

	

Denna fraKtion ger andast en mycket nnga mangd granat , 2.5 vikt av majligt acceptabel hatt .
71 % granat medan avriga granater i denna fraktion torde fåreliggasom halvkom .
Vid 60 granatinnehåll blir viktsuybytet ca. 9 %
Nedmaining och klassering i en produkttonsanlaggning bår ske till att adtår tinare An 1 mm ,
ccri således kommer denna traktion ei att gå vidare till separationen .
Fraktionen - 1 + 0,5 mm
Som syns av kurvomaidiagrammet i Bilaga 2. ger skakborcet en selektivare separation ån
anrikningsspiralen .

nalysosåkerheten av granatinnehållet gor docx att aen beraknadegranatanalysentrarheia
fraktionen skiljer sig relativt mycket . 40.1 % i MINPRO j mot45.1 % SALA . Derta gOratt
slullnaden i seleKtivitet kanske inte ar så stor som kurvorna och ceras lutningar inarkerar..
Enligt kurvorna ofir viktsutbytet , vid en hartav 60 % granat . ca. 3()_,SLåranrikaing&piraren
jamffirt med ca. 57 % iår skakbordet .
Magnetseparationsfårsåket pâ diannafraktion har gett att fårvartansvartbra resultat • med bakgrund
ull tidigare erfarenheter,, vartår denna separationsteknik oorae kunna anvåndas som ett komplement
all ett gravimetnskt separationssystem .
Fraktionen - 0.5 + 0,2 mm
Som syns av kurvoma i diagrammet i Bilaga 3. ger skakaordetaven när an selektivare separabon
an annkningsspiralen
Analysosakerneten av granatinnehallet gOråven har att den berakrade granatanaiysen får heia
traktionen skilier sig relativt mycket 45,2 % MINPRO mot 52.2 % SALA ) .
Enligt kurvoma blir viktsutlaylet vid en hait av 60 % granat , ca. 53 % tår annkaingssoiraren
jamfårt med ca. 71 % får skakbordet
Den tyngsta produlden från skakboraet , Proa. 1 , nar en agre granathalt an nastfdljande produkt ,
Prod. 2 . Derta tyder pa att ett eller flera minerai rnea samma aller hagre spec. vikt finns i malmen

hamnar de finare traktionema . eftersom aenna tendens inte visar sig i de gr6vre fraktIonema .
31.ahar en liten mangd 17102har analyserats i malmprover vart6: aet kan rcirasig om rutd drhend  
Fraktionen - 02 mrn
Som syns av kurvoma i diagrammet 3ilaga 4. år serektivrteterhar oattre får annmingSSoiraien
an får skakboraet .
Den benaknaclegranatanalysen far hela fraktionen dr nu exakt samma 35.3 % .
rngen produkt har nått an halt Over60 % granat . En jamfbreise vid t.ex.36 .41viktsutbyte
ger haltema ca. 53 % granat tår annkningssoiralen järntar med ca. 47 % granat Iår skakbordet .
Tendensen med lagre granathad den tyngsta skakporasprodtrktentinns aven har och dr annu
tycligare vilket fårstårker nktigneten i ovanståence antagande

De genomfåraa fårsdken MINPRO och SALA , raikerar en battre separationsserektivitetmed
skakbordet ramfårt fneo annkningsspiralen Skakbordet nar cicksåcen !årneien an en noggrannare
installning av de orika proauktuttagen kan gbras , vilkezmeaför tårtattrad trilisammetvid eventuelta
svangningar av marmens granatinnehåll

"Btttbrstag till flytschema mea angtvande av nuvudutrustrnng aterfinns i Bilaga S.•



• MINPRO AB Date
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Ourret

MP Bengt-Arne Bergstrdm, gb
Garnet AS
At: Svein Parr
P b 8158 Spjelkavik
N-6022 ÅLESUND NORGE

Granatforandeprover

tiversånder enligt overenskommelse prover från den gravimetriska
separeringen utfOrdpå skakbord vid MINPRO i Stråssa.

Till NGU i Trondheim har skickats 26 prover från forsok 1 (granatrikt prov) för
analysering (se fOljebrev).

Bifogar aven en del försäksresultat från malning, siktning och den gravimetriska
separationen.

Med vanlig hålsning

MINPRO AB

/ -
34f77144«,2M7 fien-7
Bengt-Arne Bergstrom

•

•
MINPRO AB Telephone




Telefax

Odanagen





5-711 77 STRASSA National 0581-43. •3 0581-432 40
Sweden International .-46-581 -431 '0 .46-581-432 40



Gravimetrisk separering av granatfdrande gods

"Dty /fr, akrae, 6,, :CI-C4C4 041 7LInar SC.6". et" nc,;.‘
°,‘ coa éac.t rocf eniz". "

Försdk 1-2 Torrrnaining SaiaKvarn mec etterfdijance siktning ä 2mrn ocr recInKulenng
av grovt rnatenai tillbaxa till stångxvarnen.

Malningsresultat

Kvarncata

Kvarndirnension. mm
Varvtal, rom
Varvtal av KntisKa
VerKningsgrac. =.10
Utmatning Coc.i4tif.)
Makr000ar /-neo! )

600'900

3 6

62

Parren
250 Kg t" ocn 2" stanger. Iåg tyllnacsgradl

t rp rr", -",.< 0 fen /h/Cai

(et44 cien (9,

MainincsnatP


IMainingsnc.
Kacac:tet, Kget

iKvarnetteKt. Kvif crutto
IKvarnerfekt. ktv netto


/ 91/ df ./44 ii7C

afr •42

	

<•• 411S

	

—
r

3.72

600

n o

Energ:fbroruknrng, Kwn/ton -ietto CdPwnr, 2.2

Siktresultat

MasKvIcc

mm

4,750


2.350

2.360

Jtc.Kvarn

Ackainfint


99.9

99.0


97.3

MaJorec.
AcK%Hrit

.700 92.9 95.3
' .180




36.7
0.350




3.300 93.2




3.425 52.2 3




.42.3
3'.210 22.2 23.3
3. 5(7, 24.3 25.3
3.' 36


	

3.375 • 4,3
3.352

	

3.338 9,3 9.6
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Gravinetrlak separering av granaddrande gods Bil 3 y viLicr ./11

Farsdk 1 Siktning Cernck sikt samt gravirretrisk separering dkakbard
av fraktionema 2-1mr,, 1-0,5mm, 3,5-0,2irrn con cO2nlm.
(Normnellti Pppmngar pa StkiliKAMa 1,18MM, 2,5771111Ocn

Siktresultat

Fraktten Vikt
mm
2-1

1-0,5
3.5-0.2

<0 2

In de i

113

125

72

101

41!

27,5
30,4
17,5
24.5

100,0
2,

Skakboraar011uitat

Feradk 7.rektion

mm

2-;

Produkler

IProd. I rung
iProd. 2
Prod. 3
Prod.

Vfle %

2,5 9,7
11,2 ,19 3,1
14,4-s: 4,3
2t2ut 5.3

% i
i

I

crtet K h

1A

14() Prod. 5 27,2.--,1 7,5 1





Prod. 512t 23.5,,P 8 4 1





Ingtercie i00,3 27,5




Prod. 1 tung 10,2 3,1





Prod. 2 t 3. y:s,-., 6,5




19 1-0,5




LProd. 3




5.0





Prod. 24,3
.?., 7,4




120




Prod. 5 24,111: 7,3





Prod. 5 att 5.4 1 2 i





ltngaende 100.0 30.4
i
i




1 turc,Prod. 4,Q 0,7




PTed 2 12,1 i;1;, 2,-,,




1 'Prod. 3 21,8 ."=,--7 3,3




Prod. 31,3‘13 5,5




20 ; Prod. 5-3 ått 30.7ibpl t,‘,4




lInGidande 00.3 17,5





Prod. -ung fl Q.;






Prod. 2+3 2.3 •





<0 2




Prod. 4 6.6 :?;S






Prod, 5 56,3Q:2- 13,3




120




PrI2id. 3-1-7




a. •





rrgasnCh3 ,CO3;) 24.2




, Hala Provet 00,3

1Granatkond. 15.4

Granater
rovet PT5nd

71 i 1,4
4357,-21 4,3
25 :2.-• 2.3
19 .:a.o 3,;
17 2.:» 3,8
15 -27,9 2.7
23 18,'

82 7,3
701..; 11,3
51,;&-.3 7.2
32:7,1 0,3
11 x2.s 2,3
4 10.; 0,2

so 34.3

51 1,2
716:Zn 4,3

70 ii4I 7,8

51ot, i 8.0

10 ',1:::.t 1 .8
45 22.5

9




50 .m,"? 0,7
g t 2,9

44 `S-C, 7,2




3.7




24,6

35 100,0

72 32,4

crL .4,-47. 5: 0 2.'4
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P5i4.. /93

cet c

Prov 1 P6I-SåK1 1oon med de tractcner sorn dar trarnstaildes , dock traknonen -2 mm VFIC 5t4C('-et./.410.0

	

C4kel ?LeitA /Okt

frac , e.r ept

Trondheim , Norge .

RESLI_TAT AV GP,'RALFCRSCK •

rocukter :

P = Koncenrrat
P 2 = Melianprodukt
P 3 ( P4 -=Avfatl
Torad ingaende

PbrsOksutrustningen !ramgar av Biiaga car aven Crsåkscetingelser ocr, vildsfdrdelnngar

fran de tre genomfarda spiradarsdken och magnetseparaticnsiårsdket finns angivna

Den anvånda annkningssciraien ar av TYPHG8 . som har mdjiighet till 4 olika prcatfKuttag . Av

dessa anvandes dock endast 3 vid dessa fOrsok . P4 togs ut tillsammans med P3 .

^.arsOksmatanaiet var samma scm anvants ,.•!d e xigare fbrsbken ncs MINPRC Strassa

Anaiyserngen av yanatinnenaliet ca 011)(3:-;ecaraticnSitrcCuktenla lar arts av NGU .
- V4.

Rbrsbk Prakuon




Vik; Hait 'Fardeiningi Acx.`ftkt i Ack. Halt 1Acx.Pdrd. i

mm Pr uKt




Granat Granat °•10 Granat i `,.; Granat I




P 1 19,0 61,3 j 26,1 19,0 i 61,9 26.1 I
;

! 0,6 - 1,0




P 2 56.9 49,2




62,1 75,9 i 52,4 88,1 i




'3




2.22 • 11.9 100,0 i -1.5.1 100,0 Ii




otad • 100.0 '




100.0 1




i Fr3MIC21
TrIrn rtpoukt ; c".

Had ,Prdraeiningl

, ria Granat Granat i

Ack.Vikt Acx. Hatt I ;:,ck.Pdrd.

Granat I Granat




o 13,9 68,8 ; 19.3 13,9 68,8 ; 18,3

I .3.2•0.5 ?




53,.: 73.6 ; 352 56,3 91,9




":,`




28.5 8,1 100.0 52.2




7oratt 20.0 52,2 "00.0




;

Parsok


No.

xbrsok


Nc.
Fragion




',/;ki Had F.arceinng Acx.`likt ; ACK..rlait




-nrn Procukt




"•/*Granat ! '.",Granat I 4', Granat "15Granat





58.4




20,3




58,4 ""0,"z
0,2 P 21.4 i 49,8




30,2 33.7 52.9 50.5




P 3 36.3 1 26.4 ; 49.5 00,0 I 35,3 -100.0




"rotalt 00.0 35.3 I l00.0
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Oppredningsfraksjoner, Sala juni 19955

Serm-kvanntativ XRD-besternmelse av zranatinnimici

"74

20 -

3 4 5

Granat (vekt-`)/0)

-

Analyse nr.

NR!
Analysene er sennkvanntanve absoitanfiva og de relanve
xtriasjorter. 3cdre pddireigher edt relanve vanavoner tun uypati.)- edt
kfore paralledprewer.

Anal. nr. Fullstendtg prøveDetegnelse

0.54.3 mm
,

HIGMS :ørr urnagn.
2 -tGMS :orr ma n. 0.5-1.3 mm
,..

Scirat 71 21 0.5-1.3 mm
4 Sciral -2 al 0.2-3.5mm(2)
5 Spirei 73 P1 -. 0.2 mm (2)

€ Spirai -,-, 22 3.5-4..0 mm




Spral ,, rze, 0.2-15 mm (?)
3 Sp:rai ii P7 < 0.2 Mrn :"?)
Q Spiral -, r';', 3.5-'.0 mrr

410 Spral -•••. 23 0.2-3.5 mm (7)




5nirai ' P3 < 0.2 mm ("%)

Areal
(tot.)

Gnt
(Gnt.std.)




56,40 20,0





166,22 79,0





137,32 61,9





145,30 66,3 ' -7. - ,')r-"'

131,74 58,4 _




115,70 49,2 '




123,39 53,9





116,99 49,3





61,21 22,2





75,22 28,5





70,29 26,4
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Garnet AiS

Scirairbrsdk 1995-05-29

SP1RALHG8

SAMPUNG

7

PUMP SPVC 232-50

Test No ! Sample Fraction ; Product ; Weignt 5/ % sofids i Capadty




.

1

mm ,




1 1 ' AO 5180 , 3,5-1 91
92





93





Total

2 AC 5180 0.2-0.5 91





P2





P3





Total

3 ! AC 5180 -0.2 . 91





92





P3




: 7otal

iHigh Force test




250 rom
roll 4:4 AC 5160 0.5 - 1 Mag





Cmag





Total




Slurry
: marh

! Scnids
. ton

19,0 52,5 0.30 1 0.18
58,9 72.3 0.80 0.48
24.1 12.0 1,78 0,21




I




100,0 32.2 2,88 3.85

13,9 58,9 0.23 3:2
71.3 87.4 1.07 0,51
14,8 : 5,9 1 2,17 3,13

100,0 28.3 3.47 0.85

12,3 51,1 0.25 3,13
21.4 59,4 3A5 0.23
55.3 21.3 3,53 0,71

00.0. 77.2 4,23 1.07

48.0

54.0

100.0
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årslag till flytschema

ingaende kapadtet : 25 Jh !ngaence maim
o . .

•
Krossning ocn siktning av
ingaende malm till 15 mm

antas uttöras på entrepenad

CotS cree .
ry, » I et çloy

Co 4-5

•

Kressning

Siktring , 15 mm

•

Stan kvarn

Siktning 2

•
Siktrunc . 0.5 mm

•
'.0 mrn

• - _ .

Siktnin 0,2 mm .4

'
Skaktord

MF.
Skalcorc


MP

_
6 3kakoore 7

MP A

•
•

•
•

Ommalningswarn AVTal I

•

,
Tork

•
Snø

Koncentrat•
nuvudutrustnIng

2osition Benamntric Antat
_.v

AnmarknIno
Stangkvam SRR c[a. '..3 x 3,3 m Mctor 2x50 KW

r.Lci.--<en 2 Sikt Maskoppning L1 .0 mm. Anges senare
_ - 3 Sikt MaskOponing= 0,5 mm Anges senare

, 


- . - 4 Sikt Maskoccning :":0,2 mm Angessenare
:^a-*-i-<. 5 Skakcorc 5 eister 999 . mote , slamnbcat

a Skakcorc 3 "Jeister999 . flp:e , anonbcat
- - - - Skakcord neister 999 , mple 3anonbcat


Rev-ilf- "11 8 Ommaln:ngskvarn_ SRP dia. .2 x 2,4 rn Motor 30 k,,N
3 ,*:--Iter 7::: '812

r i 0 'crl< Ances serare..,

angivet : lytscnemat ,Magnetsecarator p HF permanent standait

HStang Kvar

•
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SALA
TELEFAX

SAL.AINTERNATIONALAB
5-733 25 SALA SWEDEN
Tel #48 224 57000 Tot 7536 SALA $
OffeCC181. 57203

Date: 1994-10-26 Number of pagesJrz,...,t;s: 2
From To
Carl Montån SVEDALA AS
Proce.ssSystems

Att.: C5IVINDHANN;SUAL
Telefax No,: +46 224 16950 Telefax No.:

.r S94.490 093 Your Ref.:
‘!1.)py

Subject: GRANAT PROJEKT NORGE, STOKKETFZUSTRI AS

BUDGETOFFERT NR 594.490093
Modulbyggd anlaggning för 12 t.fhför framstållning av granat-blåstersand.

BAstebivind,

Vj har hfirmed nojet att presentera et: budgetoffert på SEK 12 000 000:- f.5:-ert modu.:yggr:
aniaggning till STOICCENUSTRI AS, kontaktman Svein Parr.
Anläggningens kapacitet år för 12 ti.hmaend: geds och siutproduktert

dik rocess beskrivning - se iiagt fly:scherna
1111!•11.åggningsgrånser:

Inmatningsficka fZ5r- 20 mm gods
Utiopp torken för koncentrat
Utlopp avfallatonjockare

Materiai krossat tifl -20 mm levereras av annan t111anlaggningens inrnaH^zsficka.
Från fickan matas materialet tilt en stångkvarn som kr 1sluten krets med en på 2 -- 

Produkten -2 mm pumpas dU en sikt på 1 mra. Fmktioner. 1-2 mm går dU vå-stczs
separering med_spiraler.
Produkten -1 mm 2urnpas tili en sik: på C,5mm. Fraktionen tnm går två-stees
gravimetriak acparefing medspiraicr.
Produkten rnm pumpas titt en sikt på 0,2 mm. Prakrtonen 	 gA: dU
gravimetfisk acparefing med sptraltr.
Produkren - 0,2 m-m pumpas till aviall.
Avfalie: från den gravimetriska separat;onen for f-rakuonema1-2 mm och mm tr».;:tr.;:is

C.:Iverloppergår ti112mm sikten mcdan undertoopet går dli startgi(varnen.
tallet fran den gravimerriska separattonen fOrfraktionerne rnm gar

.otalavfaller går till en förtjocka:e ft5retervinningav processvatten. (2!.. f.ye.scher- • - c-
inkk:derat i oriset). Underloppe: pumpas dUavfai;supp:ag.

4kSib,>Mak41511ii1;OF Tr4E eVEDALA GnCUP



c25Z3S32 5,)EDALA

' SALA
TELEFAX

Koncentratetfrånden gravimetriskaseparahonengår till et: filterforavvat", ochdareftcrtiji en
tork,

ÖvrIgt
Viharpnsc: påvadkrossningenkostari Varrnlandsguld.
Krossningtill —16mm kostarSEK45 per ton
Krosaningtill —8mm kostarSEK23 per ton

Vihoppasdennaoffer mtiste:kundensbehov,

Medvanlig hålsning

/

1, ontan

•

1141,4>MEMRERCIFTKESVEIDAUGROUP ppna •0
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41, BERGVESNET

Leiv Eirikssonsv. 39
Postb. 3021 Lade
7002 TRONDHEIM

Attn.: Barne Lieun h

Spjelkavik 14.02. 1995

VED1ZSTØTTE TIL RUTTLIGRANAT-UNDERSØKELSERSUNNFJORD

Det vises til ridligere søknad og Deres tilsagn dat. 23.03.94 vedr. tilskudd til

411prospektering etter rutillgranat i eklogitter, Sunnjjord.

.4rbeidet som omfattes av ontsekte prosjektmidler. ble avsluttet i marken i januar -95
(boring), men pågår fortsatt, bLa. med analyser av innhentet borkjerne-materiale.

Kostnadsrammen for ontsøkte prosjekt, er imidlertid oppffir, og det oversendes hermed
revisor-attesten regnskapfor hittil utførte arbeider.

I forhold til søknaden, er det finwtatt en viss omprioritering, bLa.fordi i ettertid
valgte d tennomføre owo sikk-arbeidene for egen regning. Besparelsene her er bLa.
benyttet til mer omfattende kjerneboring (boret 400 m mot omsøkt 300 m).

Vi håper at disse endringene er innenfor rammen av det sekeren har adgang ril uten
spesiell

Siden arbeid fortsatt tenstår. vil en endelig rapportførst foreligge i aprillmai-95.

111 Resultatene av de mferte arbeider er imidlertid oppleftende på flere måter:

- Urørt geofysikk (hest-94) har gitt en rekke interessante anomaiier for oppfølging i
-95. både med geologi og event. også mer boring!

lgerneboringen har gin svært verdifull informasjon om både generell geologi i
område4 og om Saurdal-forekomsten spesielt.

- Prosess-arbeidet har også nlført ny og verdifull informasjon om muhgherene jbr
fremstille salgbare konsentrater av både rutil og granat.

En nærmere beskrivelse om utferelse og resultat vil komme i slutt-rapporten.

Totalt har samarbeidet mellom Garnet IS. Du Pont og VGL. utlest investeringer i
rutillgranat-prospektering i sterrelsesorden 8-10 mill NOK både i 1993 og 1994!• Hovedtyngden av dette bæres av Du Pont /prosess-urvikling4 men det er helt klart at



uten det etablerte, positive samspillet og aktiv medvirkning fra Bergvesnet. hadde dette
knapt vært mulig!

Selv om prospektering helt klart både er risikofflt og langsiktig investering, har nevnte
arbeider også betydelig sysseLsettings-effektpå kort sikt:


I) Lokalt i form av hytteleie. transport, service m.v.

Re 'onaltIsentralt ifonn av oppdragsvirksomhet (boring, helikopter-leie, prosess-
arbeid m.v.)

Deltakende selska her både NGU (1-2årsverk), Garnet AS 012 årsverld og Du Pont
(2-3 årsverk)

Prospelaeringsfondet har derfor etter vår mening en svært så viktig funksjon, for selv
om tiltengelige midler er reL små, representerer de en betydelig katalvsator
tiltrekke seg selskap med nadvendig risiko-kapitaL og på den måten bidra dl
å bevare interessen for å utvikle norsk mairmmineral-virksomhet!

At det ikke er funnet plass for stike midler i 1995 er derfor sterkt beklagelig, og det
bar arbeida aktipt for å fti detie på plass igjen i 1996-budsjettet.

For ordens skyld kan nevnes at våreplaner for -95 sesongen tyder på rel. omfattende
arbeid. som nevnt bLa. med oppfølging av georniske anomalier.
Skulle det derfor bli aktuelt med utdeling av prosjekunidler, håper vi derfor å komme i
betraktning, og hører nærmere fra Dem i så tilfelle.

Som det vilframgå av vedlagte prosjekt-regnskap, er det hittil bokfurt utgifter totait på
kn 649.176,38 til dette prosjektet i 1994, og vi ber om at tilsagnsmidlene utbetales så
snart som rcit

Med hiLsen
Garnet .4S

n Parr

• Vedlegg: Prosjekt-regnskap
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GARNET AS:73
P.b. 8158 Spjelkavik
N-6022 ÅLESUND
Bankgn 5154.05.03131

Pegrire 0882 4554213

1. PROSSEKT - REGNSICAP SAURDALRIS.ASKARDET. FJALER KOMMUNE

Veg; giskudd fra Prosn fondet 1994)

KOSTNADSOVERSIXT - HOVEDPOSTER




Regnskap 07.02. 95 Tilsaen 24.03.94

* Arbeid onik. eget personell kr 219.313.65 kr 140.000,-

* Eksterne kostnader NGU " 20.689.00 " 120.000,-

* Eksterne kostuader Diamantboring " 346."43.05 '' 250.000,-

* Eksterne kostnader Prosess-arbeid " 62.430.68 " 100.000.-

SUM KOSTN. TOTALT, SAURDALIRISASK. KR 649.17638 KR 610.000,-

Sptelkank 07.02. 1995

Ga et
,

Revisorbekreftelse

Kosmadene i regnskapet pr. 07.02 95 er kontrollert mot underdokumentasjon. Kosmndervedrorende egne ansatte er bereånet på cunnlatz av fordeling av medEtått tid på de ulikeprosjekter. Det er benyttet standard timesats på De andre kosmadene er i samsvar med
eksterne bilag.

Ålesund, den 13. februar 1995
REVISJONSFIRMA AMUND FROYSA ANS
1,

munr4 Frzysa
- 3tztsaut.

Ole Martin Steter Revlsor ir. 25565643
statsaut. revisor



GARNET AS‘
l'.b. 8158 Spjelkavik
N4022 ÅLESUND
Bakin 535415.031tl
Peargre 9812 4554213

KOSTNADSOVERSIKT - DETALI-REGNSKAP.

Arbeid eget personell.

- Planl. av feltafteMibonna  prosessforsok 40t a kr :z50 kr 4 000.00
- Feltarbetei Saurdal/Rasaskardet 1994  17d) MOta kr T50 'S.000.00
- Oppfolging av diam.txmng '' (15d) SOta kr 250 'S 000.00
- Reiseornk. feltarbeid/diam.bonng ifig. (bilag )) oo 320.30
- Reiseornk. i forb. med prosess-arbeld (bilag 2) 4.043.75
- Div. omk.  tlf.rettazheter rn.v ) (bilag 3) 48.949.o0

Sum arbeidlomk. eget personell kr 219.313.65

Eksterne kostnader NGU. (bilag 4)

- Lem av NGU-personell relseomk kr 4 449.00
- Analyser. rapporter m.v. " 10 240.00

Sum ekst. kostnader NGU kr 20.689.00

Eksterne kostnader Diamantboring Ibilag 5)

- Utgafter bore-entreprenor kr 25.6
Utgafter transport rrav

7 8 410.15
- Innknnenng mannskaper " 11 510.00

Sum ekst. kostnader diamantboring kr 346.743.05

Eksterne kostnader prosess-forsok (bilag 6)

- Utgat-ter prosess-forsok kr 50
Frakt av provematenaie ' ri9.1:.95

Sum eksterne kosmader prosess-forsøk kr 62.430.68

SUM KOSTNADER TOTALT SAURDAL RISASKARDET KR 649.176,38

•


