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Sammendrag

Engebøfjellet is situated on the northern side of Førdefjord within an area characterized by a series of
Proterozoic felsic and mafic rocks heavily affected by Caledonian deformation and metamorphism.
During the Caledonian high-pressure metamorphism Proterozoic mafic rocks were transformed into
eclogites. In this transformation ilmenite was replaced by rutile. The protolith to the EngebOfjell eclogite is
believed to be a layered, Ti-rich, Proterozoic gabbroic complex; it now has the form of a highly irregular,
east-west trending, 2.5 km long and up to 0.5 km broad lens dipping steeply to the north. It consists of two
major eclogite varieties: a leucogabbroic eclogite with low Ti-and Fe-content, and a ferrogabbroic, Ti-and
Fe-rich eclogite. This ferrogabbroic eclogite is the rutile ore that has been the focus of the rutile exploration
work at Engebøfjellet. In the period October 1995 to June 1996 ten reconnaissance bore-holes were drilled to
investigate the character of the Engebøfjell ferrogabbroic eclogite at depth; altogether 2340 meters of core
were recovered. This report gives a summary of these drilling results with analytical data and
mineralogical descriptions.
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Summary:

Engebøfjellet is situated on the northern side of Førdefjord within an area charactehzed by a series of

Proterozoic felsic and malic rocks hcavily affected by Caledonian deformation and metamorphism.

During the Caledonian high-pressure metamorphism Proterozoic mafic rocks were transformed into

eclogites. 1nthis transformation ilmenite was replaced by rutile. The protolith to the Engebøfjell eclogite

is believed to be a layered, Ti-rich. Proterozoic gabbroic complex; it now has the form of a highly

irregular, east-west trending, 2.5 km long and up to 0.5 km broad lens dipping steeply to the north. It

consists of two major eclogite varieties: a leucogahbroic eclogite with low Ti-and Fe-content, and a

ferrogabbroic, Ti-and Fe-rich eclogite. This ferrogabbroic eclogite is the rutile ore that has been the focus

of the rutile exploration work at Engebørjellet. In the period October 1995 to June 1996 ten

reconnaissance bore-holes were drilled to investigate the character of the Engebøfjell ferrogabbroic

eclogite at depth; altogether 2340 meters of core w ere recovered. This report gives a summary of these

drilling results with analytical data and mineralogical deseriptions.
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1. Introduction

Since 1992 NOIL1has collaborated with DuPont in a project for the investigation of rutile-
bearing eclogites in W. Norway. This has resulted in a significant amount of new
information including several new discoveries of rutile-rich eclogite. Existence of the
Engebørjell eclogite has been known since the 1970s (Korneliussen 1980 b; Korneliussen &
Foslie 1985, Korneliussen & Furuhaug 1991); it has the form of an E-W-trending 2.5 km
long, irregular tone of rutile-bearing eclogite at the northern side of Fordefjord at Engeho
(Fig. 1, Appendix 4 and 5) in Naustdal kommune. For several years it had been considered
to be of economic interest for rutile, but was not previously well investigated in the
DuPont/NGE collaboration project due to mineral-right complications. In 1995, the
company Fjord Blokk started production of eclogite blocks for breakwater material at the
eastern end of the deposit, based on an eclogite mining-concession. The eastern half of
Engebøfjellet had then been assigned for industry in the «reguleringsplan» of Naustdal
kommune.

A meeting was held between Fjord Blokk •nd DuPont/Conoco in July 1995 which
resulted in a collaboration in the continued investigation of Engebollellet and establishment
of a core-drilling program. At first, the intent was to drill 400 m in the eastern part of
Engebøfjellet near Fjord Blokk's quarry and financial support was given by the Prospeeting
Fund. The drilling started in October 1995. Shortly afterwards, the drilling program was
extended and at the end of this first drilling program in June, 10 holes had been drilled,
which comprised 2340 drill-meters. Some events in the long investigation history of the
Engebøfjell eclogite are listed in Table I.

4



'fable I: Review of the exploration of the Engeholjell eelogite deposit.

Early I9711s The Elkein geologist I lans-Peter Geis was prohahly the Frst geologist to recogni/e the

Engehofjell eelogite as a rutile deposit in the early '70's. I le made a sampling profile

through the road-tunnel.
1978-89 Additional sampling was Mme within a einmeration projeet hetween NGU and Ilkein on

rutile-hearing eelogires in Sunnfjord.
1979 Frank Barkve itrul geologist Tore Birkeland focused on Engeholjellet in an investigation

of heavy meks as hreakwater material. That was the start oF a long and complex proecss
whieh resulted in Fjord Blokk's eclogite mining operation in 1995.

1984-S5 Three or four eompanies svere aetive at Engeholjellet in the mid-HO's investigating the

rutile and breakwater material/aggregate possihilities.
1990 NGU made a W-k sampling profile along the deposit (Korneliussen & Furuhaug 1991 ).
1992 Signing of agreement between DuPont and NGE to jointly investigate the rmile

potential of eelogites tn W.Norway.
199 I R. MeLimans (DuPont), S. Parr (Stokke Industri) and A. Korneliussen (NGU) visited

Engehofjellet on a rutile/eclogite exeursion in W. Norway, followed hy a sample proftle

through the road tunnel later the same year hy Mel.imans and K. Davies (also from
DuPont).

1995 Fjord Blokk and Conoeo/DuPont made an agreement for a joint rutile investigation ol
Engeholjellet, followed by core-drilling, heneficiation tests, surface sampling and

geologie mapping aetivities.

The purpose of this report is to summarize the results of the 2340 m of core-drilling that
was done in the period Octoher '95 to June '96. Additional drilling in the autumn 1996 will
be reported separately. Another report (in prep) will focus on the geology of the Engeholjell
eclogite.
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2. Primary geologicrelations

The Fordefjord region is characterized by a variety of Proterozoic granitoid rocks which
were strongly deformed and metamorphosed into gneisses during the Caledonian orogeny.
Eclogitized mafic units including some major eclogite hodies such as the Engebofjell
eclogite are found within these granitoid gneisses on both sides of Fordefjord and eastwards
from Naustdal (Fig. 1 and Appendix 6). The geologic relations at Engebofiellet will be
described very briefly in this report since they will be the subject of another report.

The Engebø - Vevring area is characterized by a series of mafic rocks (eclogitic and
arnphibolitic) intermixed with gray gneisses. These eclogites are mainly of a garnet-poor,
amphibole-rich type, with gradational transitions into garnet-vmphibolites and amphibolites.
Generally, the eclogite to amphibolite transition is an effect of retrogression. The gray
gneisses are of two types, (a) as cm-dm thick leucocratic bands (quartz + feldspar + white-
mica) alternating with mafic bands of garnet amphibolitic to eclogitie composition, and (b)
units of granodioritic gneiss several meters thick. These surrounding, gneissose rocks are
called the «amphibolite unit» in this report.

Table 2 Major lithologic units in the Engebøfjell - Vevring area.

The surroundin rocks

Graniwidgneisses (undifferentiated)

Amphibolite unit (undifferentiated)

The En eb "ell eclo iite rocks

Leucogabbroic eclogite
(< 14(4 Fe20(, < 2 c4 Ti02)

Transitional eclogite

(14-16(4 Fe20/, 2-3 (4 Tig)

berrogahbroic eclogite
(> I67( Fejg. >3 (4 Tigd

Variably deformed granitoid gneisses.

Amphiholitie to eclogitic roeks intermixed with gray gneisses. A
characteristie feature is a cm-dm thick aliernating
amphibolitefeclogite and gray gneiss bands (see c.g. Fig. 19 and
later explanation). The gray gneiss also occur in several meters
thick units of granodioritic composition.

Fine-grained eclogite with a fairly lovv garnet content. In varieties
with minor deformation a gabbroic lexture is preserved (see e.g.
Eig. 17 and later explanation4

Eclogite intermediate belween the leucogahbroic and the
ferrogabbroic eclogite (not shown in the geologic map of
Appendix 64

Fine-grained. dark. garnet-rich eclogite. often with a more
massive character (han the other eclogite varieties.

The Engebøfjell eclogite is an E-W-trending lens with a distinct massive character
compared to the surrounding amphibolite unit rocks. The body is subdivided into two major
eclogite types based on their varying iron and titanium contents:

( I ), The ferrogabbroic eclogite is Fen03 TiO, - and garnet-rieh. In general, it has a
more massive character than the other eclogite varieties found at Engebofjellet, although in
parts it is significantly banded and folded. This eclogite is the rutile om-type eelogite with
the major volume found in the central and western parts of the deposit. This eclogite
occasionally shows intrusive relations into the leucoabbroic eclogite (see below), but
usually the contacts are gradational via a «transitional» eclogite variety. Rutile- and garnet-
rich, and fairly massive eclogite layers in the Fjord Blokk quarry, and the rutile-rieh parts of
Dh 1, 2 and 3 (see Chapter 3), are eastward extensions of this eclogite type.
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(2) The leucogabbroic eclogite is Ti02 - and FeiOrpoor, locally with preserved gabbroic
textures. In general, the the most distinct gabbroic character is in the western parts of the
eclogitc. However. this rock-type has not been mapped in the eastern part of Engebofjellet:
Le. it is not distinguished from the amphibolite unit on the geologic map of Fig. 2 and
Appendix 6.

Eclogite varieties intermediate between the leucogabbroic eclogite and the ferrogabbroie
eclogite are called transitional eclogite. The transitions between these eclogite varieties are
usually gradational but can also be sharp. Granitoid gneisses including granitic gneiss,
granitic augen gneiss and granitie mylonite belong to the surrounding gneiss complex and
will not be discussed in this report.

The main features of the internal structure of the body were acquired during eclogite-
facies metamorphism. The intense eclogite-facies deformation is marked by isoclinal
folding, shear defonnation and boudinage. Infolding of «gneiss» with eclogite-facies
mineralogy (quartz. clinozoisite, phengite, omphacite) and quartz mobilizats are found along
the main shear zones. Evidence of fluid activity during the high-pressure metamorphism
include veins (with quartz, omphacite, rutile, mica) and pegmatoid pods, as well as the
ubiquitous presence of eclogite-facies hydrous and volatile-bearing minerals (amphibole,
white mica, clinozoisite, carbonate and apatite). Syn-eelogitie metasomatic veins (abundant
carbonate ± garnet, quartz, amphibole and sulfides) are particularly abundant in the mafie
eclogitc mylonites in the east (e.g. in the Fjord Blokk quarries at (he eastern end of
Engebofjellet).

A large part of the leucogabbro appears to have escaped the deformation and is statically
eclogitized ("coronitic eclogite"). except at the contacts with the ferrogabbroic unit and
along internal shear zones where foliated eelogites formed. Original banding of the
rnagmatic protolith can locally be seen as drn-thick darker layers. Most light eclogites within
the layered unit of eclogites, amphibolites and gneisses probably represent metasomatized
and deformed leucogabbro.

The ferrogabbro appears totally eclogitized and recrystallised. In the field, differences in
composition inherited from the magmatic protolith are now seen as a contrast in color
hetween very dark- and fine-grained eclogites (those including the Ti "ore") and green
eclogites, often with visible amphibole porphyrohlasts (towards "intermediate- eclogites,
with TiO2 < 3 wt%?).

Because of the very fine grain size and dark color of the eclogites. and especially of the
Ti-rich ones. it is onen difficult in the field to estimate the extent of retrogression for
individual samples. However. where visible, extensive amphibolite-facies retrogression is
linked mainly to the margins of the body and internal shear-zones. The central part of the
lens appears to have been little anected, having hehaved mainly as a rigid core. Thus, the
main ferrogabbroic body, the coronitic leucogabbroic eclogite and the central part of the
layered unit suflered only minor retrogression. Apart from some discrete shear zones. most
of the retrogression generally may be linked to the late fractures. Also. a large fold nose
within mafic eclogite to the east of the Vevring farms is remarkably fresh. Both the western
and eastern parts of the lingebofjell body have been strongly sheared: lenses of coronites
and celogites are divided by amphibolite-facies shear zones.



3. The drilling

The drilling started in October 1995. The original plan was to drill only 400 in in 2-3 holes
in the eastern part of Engebefjellet because of unresolved property issues and industrial
zoning boundaries. Additional holes were planned when progress was made in resolving the
W. Engebotjell property status. The drilling continued throughout the autumn '95, winter
`96 and spring '96, the total core length recovered for 10 holes was 2340 m.

The drilling of Dh I and Dh2 in October-November 1995 was done without particular
complications. At Dh3 (Nov. - however, severe water supply problems occurred due

to an unusually dry and frosty autumn, and the hole was stopped at 160 in due to lack of
water. Dh3 was later in the spring of 1996 extended to 215 in. At Dh4 a small water source
and some additional water from Dh3-hole made it possible to drill to 160m. At this depth
open fractures caused a fall in water pressure and the hole was stopped.

To be aNe to continue drilling during the winter, a reliable water supply was needed. An
arrangement with an electric pump, electric pre-heating of the water, and a i km-long pipe
from the stream 60 rn.a.s.l. near the western road-tunnel opening was set up. While weather
conditions were warmer this arrangement worked perfectly, but when the air-temperature
sank below - combined with strong wind, the water in the pipes froze, again causing

significant delays in the drilling. Another complication was unreliability in the supply of
electricity. Ilowever, the drilling was able to continue throughout the winter 1996 and Dh5.
Dh6 and Dh7 were drilled in Feb.- March and Dh8, and an extension of Dh3 from 160 m to
215 in. in April. The Dh-positions are shown on the Engebonell geologic map (Appendix
and in Figs. 2 to I I.

Table 3: Bore-hole information. The eomplete deviation measurement results are given in a separate
repo0 by Devieo (Tokle 19961.

Bore-hole # Direetion u Dip " Length (in) East *




North D.a.s.I. #

I 163" 44.8" 196,4 311457 6823546 142
,
_ 161# 45.2" 334.6 311099 6823529 229
3 190"




215,0 310602 68 73378 318
4 184" 45.0] 159,6 310352 6823310 294
5 178" 59.4" 180,0 310067 68 737189 248
6 169" 59.8" 126,1 309936 6823151 7 37
7 178" 59.0" 215.4 310 773 6823199 1 83
8 1747 603E 299,7 310504 6823276 314
9 356"




290.0 310165 6822976 50
10 159"




373_0 309653 6823340 58





7 339,8





JTM-coord. in meters twgs84) Distanee above sea-Ievel iii

"Ihreetion according to deviation measurements by Devieo. Dh3 excluded,

4. Core logging

A preliminary logging of Dh I, 2 aml 3 was done in the field by Eric Ahrenberg and Magnus
Garson froin DuPont. Oddvin I lansen from Fjord Blokk A/S, and Are Korneliussen from
NGU, including X-Met analyses directly on the cores by a portable XRF-instrument
(Outokumpu X-Met 880). and measureinents of magnetic susceptibility by a hand-held
susceptibility meter. The cores were taken to NGU's core storage facility at Lokken where
the logging was done in morc detail: selected parts of the cores were split (sawed) and
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supplementary X-Met analyses were done. Petrophysical parameters such as specific gravity

and magnetic susceptibility were measured at NGU's petrophysical lahorwory on a fairly

large numher of core samples.
Vertical geologic profiles showing the bore-holes and the Ti02-content in the cores are

given in Figs. 2 to 11. Profiles are indicated on map of Appendix 7. Tables 4 - 13

summarize individual core lithlogies.

Tahle 4: Dhl summary. This is the first hore-hole drilled at Engeboljellet (in October.96) and is the

easternmost of the holes drilled. lt sharts well into the amphiholitie unit north of Fjord Blokk's quarry and

euts through the ferrogahhroic unit well under the quarry. and ends in amphiholite unit rocks on the

southern side of the eclogite hody. Its starting direction is 63" iclockwise from NI with dip 44.8" (Tokle

1996). The X-Met analyses were done directly on the core in the field by DuPont's X-Met. Experience has

shown that such analyses direelly on the round core surface might be slightly too low.

Position Inn Rock Ti02 * Comments

6 -54 amph. 0.5 - 1.0 '4

unit 'Fi02

54 - 60 trans. 0.5 - 1.0 <4

cclogite 0.6 (3 Ve

TiO4

60 - 152 ferrog. 2.0 - 4.0 '4

eelogim Ti01

152 - end amph. 0.5 - 1.014

of hole: unit TiO,

Banded amphibolitie eclogite with numerous thin (< I dn-0,

lcucocratic gneiss-zones (quartz-rich). Locally distinctly

folded.

Gradually fewer gneiss zones, the eclogite becomes more

massive. Distinet in the inassive eclogite

hands. Scatiered quartz veins.

Fairly massive, lerrogabhroic eclogitc, locally handed. with

seattered quartz veins. Low to distinct retrogression. The

rutile/ilmenite-ratio is gencrally high.

Amphibolitic eclogite with alternating thin hands rich in

quartz and feldspar Igneissick

Table 5: D1i2 surnmary. This bore-hole is in an area with significant variation in rocktypes; in the field,

amphibolite unit roeks can frequently be observed alternating with eclogite and amphiholite facies shear-

zones give distinct retrogression effects on the eclogite.

Position (m) Rock *

I - 3 ferrog. 1.0 - 2.0 '4 Ti02

eclogite

amph. 2.0 - 4.0 '4 TiO, in massive

unit eclogite hands, < 1.0 elr

TiO, in gneiss hands.

35 - 90 amph. Insignificant 1102- and

unit rutile content. 


Comments

Fairly massive (transitional I eclogite with scattered

quartz veins.

Banded amphibolitic eclogite with numerous tInn

din i. leuciicratie gneiss Rtnes.

Amphiholite unit rocks: Alternating

eclogite/amphiholite and gneissic zones. Gneiss

dominates from 54 M.

3 - 35

90-111 amph. 0.5 - 2.0 '4 Ti02 Strongly deformed amphieelogite with numerous,

unit thin gneissic hands.

I II - 243 ferrog. 2 - 4 '1102 Fairly massive. ferrogabbroic eclogite with scattered

cclogite quartz veins. Low to distinct retrogression.

246 - end amph. 0.5 - '1'101 Aniphiholitic eclogite with numerous gneissic

ut hole unit bands. Gneiss domination from 259 to 305m, then

innphiholitic eclogne gneiss hands from 305 m.

t: The X-Met analvses were done in the beld in Oct.-Nov. 1995 direcilv on the core surface

tunsplitt by DuPont's X-Met.
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Table k: Dh 0 summary. IM 10 starts in leueogahbroie eciogite near the western roadkunnel opening aud

enters lerrogabbroic eelogite at 96 m.

—
Position

(11))

2 - 96

Roek

leueog.

eclogite

no,-

0.5 - I. 5 (3.5) (»

TiO)

96 - I 16 terrog. 2 - 3 (7, Ii02




Eelogite




I 16 - 226 ferrog. 3 - 5 `1/4TiO)




Relogite




226 - 229 leueog.

eelogite

1.5 - 2.5 Ti02

229 - 256 lerrog.

eelogite

4 - 5.5 TiO)

256 - 263 Ieueog.

eclogite

I - 2 Xf 'fiO2

263 - 274 amph. uni I `X TiO2

274 - end ferrog. 4 - 6 Xk Ti02

of hole: eclogite




C(M1II1C1lb

Variably sheared Ieueogabbroie eelogite with distinct

reliet gahbroie textures in the Rast deformed eelogite

varieties. Some quartz veins. Distinedy amphiholitized in

shear-zones. A few I -6 dm-thiek quartz- and white mica-

rich gnitiss zones.

Distinctly Ti-enriehed, ferrogabbroic eelogite with

seattered quartz veins tvaries from pure hydrothermal
quartz to gneissie zones with quartz + white mieak A few

1-5 dm-thiek zones of a leucoeratie gneiss. oceasionally

with a reddish eolor.

Variahly transitional to ferrogabbroie eelogite with

distinet retrogression along min-thiek veins as well as in
dm-m thiek Iayers / hands igradual eantaets) in the

eclogite.

Whitemica- and quartz-rich eclogite with eoarse gamets
(up to 1-2 mm).

Ferrogabhroic eclogite with seattered quartz veins.

Variahle amphiholite / lenctigabbroie eelogite. locally

folded, seattered quartz veins, variable garnet grain size.

Amphibolite unit roeks with amphieeligneiss

altemations.

Ferrogabhroic eelogite. Seattered quartz veins.

X-Met analyses on round eore surbice hy NGU's X-Met.

5. Mieroseopy results

About 100 thin seetions eut from drill Coreti (Dh 1. 2, 3, 4. 5, 7. 8. and 10) and surface
samples have been studied, including "fresh- and retrograded leueogabbroic and
ferrogabbroic eclogites, amphibolites and eelogite-facies "gneisses-. Results are
summariied in Table I4a.
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0.25 mm

I 2: Phomgraph), ol represemahve ferrogabhrwe CCIOLItC. I he upper phom sa core sample Irom

Dh10 (sample 10/97.1) or a earnei-neh. massive lerrogahhrole eulmjite. keirogresslun Is tIiiiila:II:

(Imphamte (h)glil green) is unaltered. The brmkn clats ru-e small eavmes alkr leached carhonak. The

eeniral a nneraphomgraph (irarklumed hglst cl a sinular thlack) and garneimeh fresh

eelogite rrain Dh al 29 IIhin-seetion 101292.9). Oi.her minerals )1re omphaene )11gIn green),

minor amphihoIe (1)Iumgreen) and eularless minerals (phengue, ())))2rk. earhun)k) The Imser plkti)

shmss the same ihms,echoll seen itt relketed Hht. with rahle cr,i 111 1p%
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18,

lag. I +: Representative. tnasta‘e lerrogahhrote eelogne Iratu Ith9 at S7.7 m tunr photot and Dh10 at

2S2 5 in (lower 11h01oa l'or the darker part of sample 9/S7.7 there ;tre two possible explanatitms that

hoth ttre rairly eommon: ittt tiurinu retroeression (amphiboliti/ation) the primary amphibole " ttnd the

omphdetne elinopyrovene ttre replaced by a seeondary amphiltole htartiblendet Such retweression

ot.eurs m eradual ‘ariatton. Ircin hardh, noneeable to vert, extensiNe Iti ha ery e‘tenst e

retragression, runle isonen altered ti ilmenite iF even ti tittuutc. tIn Alternanagh,, the darke, drea 111

the eeloeite corresponds lit an inliltratton onlaid during eeltnint: taCleS tttetatitirphtsni In suelt eases

the darker roek is due to the abundance or blue-green eelogite haetes amphibole. Another common

retrogression oceurs itIong thin veins in the eelogite, as most elearly scan in the lower photo. 1n suelt

retrourade Neins. nutile is ttlten parth, retragraded La ilmenne and 0e:ashtnally alsotil titanne Hee 10g.

' eN. elecnon nueniprolw thdt the mulphIbi  le in ti FL> li terw;phhroic e IhnLtL IS n

ettiahite hornblentle. unt .1\ pic  tousl  rc,rhit,led •\ OSS titt t thdt the e,  ini,ostuun oc the


pumaty celoglle-Idues ittipititil vLrLe> ihumbert: fepon ilru  1te5,1
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0.25 mm

111g. 14: Nlicrophotographs of retrograded ecIoulte IIrom DhIS uhin seenon S/229.0 (. ln the upper photo

(transmitted light 4 the harotisitic aruplubuIe is altcred i hurnhlende h2ieeI1i alld Ille OmphaCIle


very fine-grained sympIectale aggregates cl hornhlende-plagtoclasewhopsIde-tnagnetue (dark green to

black). Alteration happens along lines awl Iractures witlun trunerals. The Itver photo (reflected light

shows runle (gray) with ihnenite exsolutions (brownish) and IIine-gromed secondary magnetite (whne

patches tutunty ssahnt (o.mpluctites after onylmeitc



1.0min

0.25 mm

fit

0.05 mm

Fig. 15: Nherophotographs or stronely retroeraded. earnet- and ruule-rich ternieahhroic eelogue froni

Dh8 ithin-section 8/17( ()). The dark ereen to black line igained inatrix in the opper photo transunued

light) is ull alteration poidnet after harroisue and omphaeite. Rutile uiihi), - ilmenne ibrownishi

intergrowths rel leeted Iigltt are shown in the central photo. lower photou In enlargement or the


previous image sine ing titanite corona at the Hal nU the rutile/ilinenue grain.
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b: Photographs of eore and thin-section of leueogabbrine eeli)gue I :pper photo: representauve,

slightly sheared leucogabbroie eulogite lh)in I)h I 0 at 70.8 nd tipper eeritLll photo: Massive

letteogahlume celogite ‘sith preerved gabbroie texture from Dhl0 at :)8.8iii . pholo at im‘er rielli

nuerophmograph tthin seel1011 relleuted lieliti nt rutilethlack iii leueogahlwok

(jarnet corona taround rutile) and line-gramed areas of elmoimsite phengue quartz amphihole


omplueue aUer magmatie plagioelase )ire i  pieal il partly rcer  siallued gehlume textures. Pholograph

at lower leli: same rutile grains (light gray: relleeted light) as the previous photo. The light gray


patehes in the lelt part til the photo are line-grained rutile. Rutile in leueogahhroie eclogite nonnally

oeellr• 3N fairl  large grains ar iegree:ites olgrains and as seattered klusP,  ,!1-311ISas shown on thi.

phologlaph. In retrograded leueogahbrole eelognes the tine-gramed oxide dust is usuall  inagneme.

ri( "~-inn5C'entA,n1)?))
— •-.)1(4).-s,„/).75, Jr);,.

t.)
•• • ri`-`,

• 1,1:SC:t

1.0 mm



17: Some retrograded edlogne  arieties. Upper photo: elme-sample amphiholnelhornhiendne

wi th qual ti ‘cin tdom DUI0 at 255.7 m. Central photo: core-sample ni slightly retrograded esslogne with

coarse-gramed garnets Idom Dit 100 17 m. The light green areas consist maind  of diopside


plagmelase symplecutes after ompnacite ;1nd nunor amphibole. In his kind il mek. the rutilc Is orien

parily -,ihered i ihnenite and oceurs is runleMmemte exsolutions. Itcr phohd core-sample

suongly retrograded rock  dith retrograde edronas ot ampluhole pIamoelase epidoted) around be


garnel er>stals and amphibohnied matris. At Uns stage oF retrogression. nalle Is 11101-eOF less huall  
anered in ilmenne and oeeasionally also ml11:1111IC.

3 I



rt

Typical amphiholite unit rocks; upper photo: gray gneiss (dioritie) with amphibolite hands from

Dh9 at 24.3 m. Lower photo: strongly amphiholitized eelogite with numerous to cm-thiek hands.


ofien intensely olded, of a leucocratie gneiss.
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Fig. 19: Sharp conlact hetween tt patehy amphihchte (len part of the eure-samplet and tuassive
11errogabhroie eclogite trightd The eeIngite is re1111:ind foliated wnh the loliation more ar leSS parallel
to the amphiholite Contact.
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Eclogite -facies texture and mineralogy: Texture is variable and reflects increasing degree
of recrystallization with increased deformation. and eclogite rocks vary tiom coronite to

pseudomorphic eclogite to foliated eclogite. Although ghost magmatic texture (or
pseudomorphic texture) is common. especially in leucogahhroic eclogites, the mineralogy is

eclogitic. The most characteristic features are fine-grained domains of clinozoisite + white
mica ± plagioclase aftcr the magmatic plagioclase and the heterogeneous distribution of
garnet inherited from the coronas. However, no true coronite with rclicts of pre-eclogitic
minerals has been recorded. The recrystallization of the mafic eclogites is generally more
advanced. but honcycomb texture may occasionally he seen. Recrystallized eclogites are
granular and generally very fine-grained with average garnet size 0.5 mm. Fine grain size
is largely the result of strong shear deformation, as indicated by strings of oxides parallel to
the mylonitic eclogitic foliation. Omphacite porphyrohlasts up to several cm long are found
locally within mylonitic and folded leueogabbroic eclogites. Together with "late- amphibole
porphyrohlasts, these textures and mineral assemhlages evidence several episodes of
detormation and reerystallization under eclogite-facies conditions.

Besides garnet and omphacite. quartz is found in variable amounts in most of the studied
eclogites. Abundant hydrous and volatile-hearing eclogite-facies minerals characterize these
eclogites. Pale blue-green amphibole is nearly always present, often as a dominant mineral.
Clinozoisite and white mica (phengite) characterize leucogabbroic eclogites and are
common as minor constituents in many ferrogabbroic ones. Carbonate may be a major
constituent, either as disseminated grains or as segregations together with quartz, white
mica. rutile or apatite. Apatite and pyrite are a common accessories. Chalchopyrite occurs in
trace amounts.

Retrogression: Many eclogites are unaltered or show only a trace of retrogression hmited
to incipient symplectitic breakdown of omphacite rims. Minor to extensive retrogression
corresponds to the progressive development of kelyphite around garnet and symplectitic
breakdown of omphacite and white mica. Eelogite-facies amphibole remains stable but re-
equilihrates at the rim. Kelyphite may be composed of green-hlue arnphibole ± plagioclase ±
magnetite, or less frequently by intergrowths of epidote + amphibole. Omphacite breaks
down to diopside + plagioclase or more commonly to amphibole + plagioelase ± magnetite

symplectites, and phengite to biotite + plagioclase ± epidote. The coronitic retrogression can
be pervasive or limited to areas adjacent to late fractures.

Lite fractures and veins contain green fihrose amphihole (actinolitic), plagioclase,
epidote, ohen carhonate, and occasionally, chlorite. This indicates crystallization formation
under epidote-amphibolite facies to greensehist facies conditions. The infiltrating fluid
induces static retrogression of the wall-rock, as described above. and the local
transformation of rutile to ilmenite, aml rarely, to titanite.

Ti minerals: Because complete eclogitization took place even in undeformed samples, the
Ti oxide in all these eclogitic rocks is rutile. Rutile grains are commonly < 0.5 mm, and
seldoin up to I mm (small clusters). Minor retrogression can lead up to I0Yr (in voltime
Ilm/Ilm+Rut transformation of rutile to ilmenite: replacement occurs generally along
cracks. This is often related to the presence of late fractures. Extensive retrogression leading
to complete amphibolitization corresponds to Ihn/Ilm+Rut from ca. 20(7(to more than 95(7(
with ilmenite coronas progressively replacing rutile. Titanite is found in few samples and
generally only in trace amounts. It may form comnas around rutile/ilmenite grains or
subhedral crystals within late fractures.
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6. Analytical results

6.1. X-Met TiO: and Fe 0, analsses along the cores: Ti0:-and le -0,-anab.ses tt cores
lw a portable XRF-instrument (Outokumpu X-Met were (tone in the fielti bv l)tiPont

geolegists krie Ahrenberg and Magnus (larsom Oddvin lansen Lrom kiord 13Iokk. aml at
NGIH's Cure Storage at Tokken bv Gunnar Fossflaten and otheis Lrom NGL The complete
analytieal results are given in Appendix (standard eorelog printout from the projeeks
database «IlngLogindb»). A core-log sunnuary is given in Tables to li. and the Ti0:-
Variation along the Coreti is shown in Figs. 2 to I I and in Appendix I.

6.2. Major- and trace-element analyses

A number of eore-sections were selected tur major aml traee element analvses. and S-
tinalvses. Some seleeted elements are reported in Table li. and average content of the
vanous elements for the ditterent rockTypes is given in Table 15. while the complete
analvtical results are given in Appemlix 2. These analvtical data \.siii be Lurther diseusssed in
a later report deahng specifieallv with the geologv ut the Ilngebottell eelogite deposit.

Ttihle dt (ere-seenons analyied ter Inater tlnd trace elements tt summary. See \ ppendrk 2 ler the eomplete
;inttl  tical data A‘eraee ‘alues ter tne thltterent reek-l‘pes tne sen m Idhle 15
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6.3. 'I'he reliability of the X-Met Ti02-analyses

The X-Met analyses, with one analysis pr. 0.25m along the cores. give a good indication of
the 1'102 and Fe20; variations along the core. but do not give aceurate correct analytical
values. The instrument was calibrated on pulverized samples, and the analyses reported here
have been done on solid core, either on the eurved core surface or cut (sawed) surface, and
systematic errors are likely to occur.

Fig. 20 is a scattergram plot eomparing XRF laboratory analyses with the average X-Met
Ti02-analyses of the same core sections (the individual X-Met analyses are plotted in Fig.
21). 1nthis plot two groups of Tia-values are identified: one with less than 3% Tia (the
leucogabbroic and transitional eelogites) and the other with > 39' Tia (the ferrogabbroic
eclogites). For the first group, the X-Met Tia-values are distinetly lower than the
laboratory XRF analyses. For the ferrogabbroie groupe the X-Met analyses are reasonably
similar to the XRF-analyses.

flowever, as shown in Table 14, some of these data derive from X-Met analyses on round
core surface, and others on cut surfaces. There is a tendency for the X-Met analyses on
round core surfaces to give slightly lower values than the XRF-analyses, while the X-Met
analyses on cut core tend to be slightly higher than XRF-data. These X-Met analyses were
done with DuPont's X-Met.

Tah1e 15: Comparison dirferent X-Met analvses on Ihe same core-samples. Each analytieal value is an
average uF 3 individual :InaIyses. Based on the:e dala NGO's X-Met gise an average 0.28c4 TiO2 (3 - 1

higher values than DuPonrs X-Met on eut eore surrace. X-Met gives an average Ti02 value

0.467( higher than on etil core surface than on round eore surfaee.

SampIe

DuPont's X-Met (15

Cut surlace surfaee

tio, (7, re203

NGU's X-Met (15 seeT

	

Cut surface Cut surrace

	

Tio, V Fe,o,

Neill, X -Met (15 seeT

Round surfaee Round surface

Tio2 Fe203

4/030.0 1.6 9.0 2.3 8.4 2.0 8.1
4/035.9 2.7 15.6 2 .4 13.7 2.0 14.7
4/026.9 1.5 I 2.9 1 .0 13.0 I 13.3
4/024.1 3.' 16.6 3.4 15.3 2.6 15.5
4/054.0 2.8 15.7 3.0 16.7 2.6 14.9
4/159.7 2.8 17.0 3.1 16.6 2.6 14.0
4/09.9 3.7 17.9 3.7 17.0 2.7 16.3
4/064.9 3.1 17.2 3.3 17.0 1 .9 15.6
4/137.9 3." 24.7 3,6 20.7 3.0 17.2
4/037.9 3.5 17.4 4.0 17.9 3.1 17.3
4/044.1 3.4 17.7 4.0 17.2 $. I 14.4
4/016.9 3.7 16.2 3.7 20.6 3.4 18.0
4/069.9 5.0 16.7 4.3 16.6 3.4 15.6
4/059.8 3.7 19.3 3.8 19.3 
 18.5
4/125.2 3.5 16.6 3.4 15.9 3.5 13.5
4/074.9 2.5 15.6 2.6 15.4 3.() 14.4
4/151.9 4,1 15.2 4.7 14.7 3.6 14.3
4/098.9 4.2 15.5 4.3 15.5 3.7 14.2
4/110.4 4.0 17.1 4.4 16.6 3.8 15.1
4/113.9 4.8 I 6.2 4.8 15.3 4.4 13.1
4/070S 5.7 18.2 6.5 15.1 4.5 12.8
4/140.9 4.3 18.0 4.7 17.3 4.5 16.2
4/069.7 6.1 17.3 6.2 16.8 5 2 14.2
4/073.8 5.8 15.9 6.2 15.7 5.5 14.1
4/079,9 4.7 27.4 6.1 1 6.3 7.7 1 0.3




3 74 ' 17 08 4 02 16.58 I .56 15.00
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To investigate these differences in more detail, a number of core samples were analysed
on both round and cut surfaces using NGlYs X-Met. The results are plotted in Fig. 22. This
figure clearly shows tluit X-Met analyses on cut (sawed) core surface tend to give higher
Ti02-values than the corresponding analyses on round core surface.

Table 15 is a comparison of different X-Met analyses on the same samples showing that
NGU's X-Met gives distinctly higher Ii02-values than analyses by DuPont's X-Met. This is
due to the fact that the instruments were calibrated with different standard sets.

In sununarv: 

X-Met analyses directly on cores must be used with great care considering that X-Met
analyses on cut cores give distinctly higher Ti0,-values than analyses on round, outer core
surfaces. The X-Met analytical results are very sensitive to the instrument's calibration.
DuPont's X-Met with its calibration used until now X-Met analyses of Dh I to Dh8)

give fairly reliable results for the ferrogabbroic eclogite with Ti02> 3%. while NGU's X-
Met with its present calibration (the X-Met work on Dh9 to Dh10) give TiO—values that are
too high. For future work the two X-Met instruments available for this project must be
calibrated identically using the same set of calibration standards, and the X-Met results must
be systematically compared with reference laboratory XRF analyses of the respective core
sections.

0 -I-- • 	

0 I2 3 -1 5 6

XRF lab-analyses of core section (% Ti02)

lag. 20: TiO2 analyse% I average value%) un eure by DuPont.% X-Nlei 130 see. COIJI1L (1111e) VS.

lahoratory XRVanalysesut he respeen‘e eure secoon.. See 1:2g. 21 and Appentlix 3 lur funher
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L 4/130 131
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4/151-152

/95-1115

1/116-127

11191-103

1/65.66

1 1/11

3120-30..1

2/2110.205

4/1111.100
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3/135-136

2/260 2711

3/15-211
-33/111 11

3/64 65

Scale ju ]0-111elers

Fig. 21: Comparison of X-Mel analvses of cores front Engeboljellet (crosses) and
XRF laborator  analyses Isolid of the respective core sections

IS.>2(san ed core surface)

Fig. 22: Ti0,-anals ses on cut (sawed) core surface vs. round core surface b NULs
X-Met. Each ploned value is an average of 1 individual ;inalyses ( 15 sec counting
time) Sce Appendix 3 for lunher anal  tical details
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6.4. Petrophysical data

Specific gra vilv: Precise knowledge of the variations in specific gravity at [ngebotijellet is
particularlv important for the interpretations of the gravity work (see Nlauring et ;t1. 1007).

As .hown in Table 16 Nee also Appendix 1 the terrogabbroic eclogite is the heavie,i nwk

at lIngeboljellet. averaging 3.45 g/cins though the peak in the lerrogabbroic specific gravity.
distribution (big. 23) is at 3.55 g/cm'. The lerrogabbroic samples with lower specific

gravity than 3.3 are retrograded. and those below 3.0 g/cin' are heavilv retrograded. The
icueo:abbrok. ecIogite (average 3.26 g/cin't shows two peaks m the distribution diagrain, (a

3.15 and 3.40 g/crM. respectivelv. The lower peak is representatke for the characteristic
leucocratic eclogite in the western and northwestern parts of lIngehofjellet, this varietv oncn

shows relics of a gabbroic texture. The peak at 3.4 g/cm' is representative for the so-called
transitional eclogite interinediate between the previous Ieticogabbroic eclogite and the

ferrogabbroic ecIogite. The variations between these eclogites are tistraIlv gradational. The

transitional eclogite varietv has not been mapped: it is included in the 1eucogabbroic unit
the geologic map (Fig. 2 and Appemlix 5) and in the geological vertical profiles (Figs. 3 R)

I 2). leueogabbroic eclogite samples with specific gravity < 3.05 g/cm‘ are retrograded

(amphiboliti/edf

The other rocks in Table 16 are (imphibolite unit rocks: amphibolitic eclogite (3.19

g/cin'). amphibolite (2.92 g/cinH. gneiss with amphibolitic inclusions (2.86 g/cin't and
gneiss (2.72 g/cm'). Average specific gravity for the amphibolite unit (inixture of
amphibolite, eclogite and grav gneiss) k approx. 3.0 g/cin .

I ,t1,11. I 6: Petroph  mcal parametel. dnerage ‘alue.1 and ,aonesp,Ininnd

data ha.ad on analyse. See Appendi \ 7 for the complele ;tnn1),IIcal data.
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The - be40: and TiO) - speciric gravity plots in Eig. 24 sho).\ stinilar trends indicatim,
that specitIC ,jravIty larguly is proporlional to the iron-content (gainet-content) in the

eclogitc. This is also shown in big. 25.
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Fig. 23: Distribution of specific gravity (weight) for eclogite,
leucogabbroic eclogite (incl. transitional eclogite) and amphibolite
milt rocks. all from DhI to DhS.

Magnetie suseeptibility: Average values of magnetic susceptibility for the respective rock
types are shown in Table 16. The magnetic suseeptibilities of the mafic rocks are controlled
dominatly by the degree of retrogression and by initial iron-content, i.e. garnet-content.
Titanium do not contribute to the susceptibility, the apparent correlation between high
magnetic susceptibility and titanium in unretrograded eclogite is due to the association
titaniurn has with iron in the original rock. The magnetic samples have secondary magnetite
formed during the retrogression of the rock; in most cases this magnetite occurs along the
thin amphibolitic veins similar to those shown in Fig. 19. It is also found as minute crystals
within symplectites after omphacite or in kelyphitic coronas around garnets. This is
illustrated in Fig. 24; the line (,f unrelrogracled eclogite (Fig. 24 a,b) indicates that magnetic
susceptibility increases gradually with specitic gravity and Ti02. And at increasing
retrogression, progressively more secondary magnetite is formed, giving the rock a distinct
magnetic susceptibility. Fig. 26 is a histogram showing the magnetic susceptibility
distribution. The high-magnetic samples are all strongly retrograded.
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Fig 24 Scanergram plots: (a) specilic gravity vs. magnetic suseeptibility. (b) % TiO,

vs. magnetie suseeptibility. (c) % TiO, vs. specific gravity, tmd (d) % TiO, vs. % Fe204. "1"he
high-magnetic charaeler of some high density eclogites (<3 gicat3) is caused bv secondary

magnetite along retrogressive cracks in the eclogite, thus altogether, a relatively nfinor portion of

these samples retrograded.

0.
o

o

413.°) >c, •

+

4

e.(2

42



••

•

Engebotjellet

Sp.gravlly

(g cm))

»

.. • ;. r $4' - •
?:

•

•
• #• •

4 • •
•
•s

ir •

5 Inun 01)

% Fe203

Fig 25: Scattergram plot of Fe,O, vs. "1"i0, with the symbol site indicating the relative

variation in specific gravity
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Fig 26. Histogram showing thc disiribution of magnetic stisceptibilit for
eclogite from Engebofiellet.

7. Summary and conclusion

The complexity of the Engebatjell rutile deposit is a consequence of a long and complex

geologic history including (a) primary variations in the original Proterozoic (not dated)

mafic intrusion, (b) pre-eclogitic metamorphism and deformation, (c) extensive Caledonian

metamorphism and deformation under which the gabbro to eclogite transformation took

place, and (d) retrograde alteration of the eclogite associated with amphibolite facies and,

locally, greenshist facies deformation and metamorphism. The present geological map

shows some of the complexity of the deposit, the details of this, however, will be discussed

in a later report.

In the present investigation priority has been given to:
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.11he distribution in the deposit. 4e. to outline the ferrogabbroic eclogite and

investigate its TiO2-content in all parts. All the drilling and most of the surfitce

investigations have been aimed at hus chernical mapping.

Analyses. The cores have rutinely been analysed by the X-Met portable XRLinstrument

in order to map the TiOi and ke.i0t distribution along the cores, as well as to investigate the

1:ngebofjell eelogite on the surface. Ilowever, il is clear that the two X iMets that have been

used. one owned by DuPont and the other by N(d*. show sliehitiv ditTerent results caused bv

different calibrations. X-Nlet shows consistantly high ivalues compared to

laboratory XRF anakses..1111e X-Met analvses I , DI12 and D114 up to 160 in that were


done by DuPont's X-Met. are probably slight lv too low. while the similar X-Met analyses

done on cut coreti (Dh3 from 160tn, Dh4, D115. Dhô. D1117and DliS are believed to be

reasonably correet relative to the XRI: analvses

Retrograde alteration. One eharacteristic feature ur the kngeboljell eclogite is that 90-

95(11(of the titanium is in nrtrle, though loeallv rutile is altered to ilmenite and occasionally

to titanite along mm-thiek cracks or veins where the eclogue ssninrtieantiv retrogressed

Mniphibolitized4 Ilowever, the overall pattern is that retrogre.sion of the Ilngeborjell

eclogite is relatively small. and the rutile/ilmenite ratio is verv high > 1):14 Retrogression is

assoeiated with increased magnetic suseeptibility. therefore investigation of the magnetic

suseetibility along the eores is also an investigation of the degree of retrogression. Iru highly-

magnetie eelogite (niagn. suse. > 0.01) alteration of rutile to ihnenite or titanite can be

expeeted.

The density (specific gravityl ot the eclogite is a significant Lactor espeeially for fijord

131okkls production of sea-wall blocks. In general the eclogite with the 1Mghest TiO—content,

which is also the Fe_i0.- and garnet-richest. is the heaviest. Knwledge of density variations

within the deposit and its surroundings is essential for reliahle interpetation of the

gravimetrie data in regard to eontinuation of the ferrogabbroic eclogne ore at depth.

In the foure drilling-related investigation at Ilngeborjellet ihe following priorities should be

made:

In order to have sufficient analvtieal control XRI: lab-analvses ot 10m-sections, for

example one 10m-section pr. 100in eore, should he done and ditterences vs. the

corre.ponding X-Nlet amtlyses used as a basis for eorrection..

.111-iesame samples should be analvsed by the iirutile analvtical procedure», i.e. TiO.

trutile) = Tift xrft- Tiftticp) to cietine he rutile/ilmenite ratio for the respective

core-seetions. This will give a quantitative measureotitie eltect of retrogression on the

rutile/TiO, ratio.

Systematic measurements ot magnetic suseeptibility as an indirect inethod in mapping

the degree of retrogrogress.ion and thus localr/ing those parts ut the depo.it where

signitiicant rutile illteration might have happened.
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\ ppeinlix 1: Miscollancous scattergram plots

showing TiOt. l'e20,, density and magn. susc.

relations.



Appendk I. page 2

Dhl

lo

8

7

6

•
•

4'•Å•i.•,;rk
. •

Engebofjellet

10 15

% Fe203

160 180

.

1.Io60 100 12080

nlia(741Ak‘itLis,....,AMPL

* * *

o ,

II

: 8

R ; 6
E

-tr.1 i -I
oz , „,

. _
,.

"t., : o
c

2 6
1/

11 6

t

--

20


n0

$?

-11/

3

.10

40 60

80 I 00 120




160

80 100 120 I 10 160




61/ 180 '88)

180 88)

,,, 3 3•• -
.

7

20 60 80 100 120 1.10 160 180 1110

20 .10 60 811 100 120 1-10 160 1811 -88)

Distanee along the core (m)



Appendix I. page

ei 7
2. 6 I

e 5 1

'•••,••••




• ,

lo




.8
•

,
'

	

I4 •

•• ,, • .......

	

15 20 25




Dh2

Engebofjellet






% Fe2 03







= 40 ,

'10•
1a










= •










1










44 ,

01










441ifi100 120 1-81 160 180




20 40 60




80 1 00 220 2:10




280 300 :•-,0




8










- •-)













r ittiip# dlytil„SÅLL




?()









11'w 9







1 4 4 0 ,
5




er•






;^




u





2 6 	







...




. . ,




0 1 0 10 60




80 100 1 140 160 I 80 200 220 240 260 280 300 v-,(J




06











04

LT.











'640 2












1 0 40 60




80 100 120 1-10 160 180 200 220 40 200 280 300 420 440

ti

4
,

2


1

40 60 80 100 120 110 180 180 200 220 110 160 280 300 :20 10

20

20 40 60 80 100 120 140 100 180 200 220 240 200 28n 31 1 410 3.10
stance along the core (m)

Lr.



Appendix I. pdge

t
1:

. • .
•

• waltkite •
zati~. ei" •i." **

0 10 I 55

% Fe203

10
9
8
7
6
5
4

2

1

D h3

Engebofjellet

I




60 81) 100 I 20 140




1011 180 3 00








10









J






0 20 10 60 80 100 120 110




160 180 200 r 0






—






0 20 .111 60 80 100 120 140




160 180 200 330

I










20 I0 60 80 100 I 20 410




160 189 200 330

20

8 b

I 0

5

20 10 60 100 120 110 160 180

Distance along the cote (m)

-40

30

20

10

0

3 8

i 3.6

0.6

8
0 -1


S 0 2


0 0

6



Appendix 1. page 5

15 20 25

% Fe203 


D114

Engebofjellet

9

8

7

5


-1

•




(1) 80 100 120
 140




fl ; 6




V






E • 4  






2..z44.4







=3-5•3
-

2 8 •ct .
2.6







11) 60 80 100 120 140 1160

8
0.4


rd 02


o








61)




100 120 140 160

S

21) .11) 60 80 100 120 140 161)

21) 6r0 80 160100

Distance along the coli.e21(m)
140



Appendk I pW2e 6

5

Engehofjellet

10
9
8 I

7 I

6

4

3

2

0

5

15 25
0/0 Fe.203

1
..

..• • •

II
0.6

red
(5,1GA

S 0.2

0 0 —
0 4020

;1)





o




0





0 20




-10




3 8




 ;""'I 3 6





E





La 3.4




s 1"

6

)

ES4

20

(I)II 120 1.110 160 180

100 120




I 0 180

100 120 1•10 160 180

10I) 120 140 160 180

60 80

80

810

25

20 I

6)) 100 12I1 310 160 180

Instance along the (inre (m)

dinm.,t1



Appendix I, imge 7

10

8

6

5

Dh6

Engeboljellet•

o• •• • – • -
10 15 25

% Fe203

—40
',

11,2 to

'''=
eto'

,

(r:

2(1 41) 61) 120

f•S

e•-•
$2t

s s

2

2.6 1
20 40 6I0 I 00 I 121)

0
fl

II

41) 61) >10 100 120

0 40 811 120

'0

0 20 4)1 80 120

Dist an e along the core (m)



Appendix I. pain; 8

10

8
e...4 7
0 6

'

•

0 ea.-...841. A.  • • • • • • • •

1) 5 I» 15 20 25

% Fe203

Dh7

Engebofjellet

fl

2o

0










0 10 .10 50 80 100 120 1-40




160




180 nøn 2 '11





e




6




-z




e





L-1 3 I










—










'C
0




?








^7'rt 2 8










6











.10




81) 101) 120 1-10




160




I 80 200




4,










0.1









02. 1










__








—





no .10 60 80 01) 120 140




I 60




180 200 220

0 - - ....... . .

20 •00 60 80 100 120 1-10 160 180 700 220

0
6T0 80 100 120 1.10 160 180 200 1120

Instance along the core (nn



Appendtx I

•
. • •

11,.(41,a‘ • 


D h 8

Engebotjellet

0 5 10 15 20

% Fe2 03

o











0 20 40 00 80 100 120




140 160 180




200 220




240 260 288 100

3 8











r5-5 0 •











1






ti•




Al




14 f.)





1 •















=:"~",  !..»








-•












' -------




—









0 20 40 00 80 100 110




410 100 180




200 220




240 260 286 Om

0












rO"'()












s n2












0 0












0 7 0




00 80 100 120




110 160 180




200 22O




240 260 280 100

el

1












'












1 0 40 01/ 80 100 120




1-10 160 1811




200 171 8)




240 7 60 280 100

1 5












)












8:i' 15












I 0












0











1 0 411 00




100 120




100 180




7 00 220




2 In 200 280 4111)

Distance along the tore (nn



Appendix I, pdge

10

8
ri 7

6
5

• • • s ••• • • •
4'•• , ?Anti; • ; ••
3

2
1I .3, •,16,44;€1.kitfr•st-<••
0

0 S 10 15 20

% Fe2 03

•.*. •

Dh9

Engehofjellet

.2-401

30
s

20.1

10 •

	

, . .

	

0 10 80 100 120 110 60 180 200 220 240 260 280 400 320 340 360 480

3 8

R
,

3.4 •
-

3.2

	

rA' 2 8 1

3)01 480
^.6 ,

20 .16 60 80 100 120 1.10 160 181) 200 -n0 240 260 -,80 900 42o 340

1.6

	

0.0 	
0 20 I 60 80 100 120 1-10 160 180 200 120 240 260 280 400 420 340 369 480

7

3

4 1

	

3 .1

1

0 	

0 20 10 60 80 100 120 140 16 180 200 220 240 160 280 100 120 340 360 80

25

20 40 60 80 100 120 140 160 180 200 ine 240 260 280 400 Co 3.40 480

1)1st ante along the tore (nn

efl re'



Appendix I, page I I

10
9

7


6
fl

4

fl

OhlO

Engebøfjellet

0

-to

410
tirE

In
v:

1.8

R 1 6

bl)

-...,
=•
c
v 2 8

2 6

6

eni I I

ri 2

iZ)

•

1

;)

21)

...±.....w

40




61)

10

80 100

"*.."

15 70
% Fe203

170 140

t 4

160 180

.a

7 00 77 0

t

1

240

4,1

260 280

b:;)

0 20 40




60


60

80 100

80 100

120 140

r

120 140

160


160

180


180

200


200

77 0


220

210


240

260 281)


28020 40

, -

260

20 40 60 8 ) 100 120 140 160 180 200 220 211) 760 780 301) 120 1.10

0

42)) 110

C,

110 176 141)

300 170

40 60 80 100 120 140 160 180 700 220 240 260 180 1111) ;70 140

Distance along the core (m)



Appendix 2, page

Appendix 2: Petrophysical data. core-samples. IMgehloljellet
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Fe20
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mmor 3 102 0 00061 0 00 0 80 10 40

variable 2 716 0.00002 14 49 0 10 1 00




2 739 0 00009 I I 38 0 20 I 30




2 700 0 00009 25.58 0 20 I 20




2 712 0 00005 0 00 0.40 I 00

minor 2 956 0.00053 23 50 0 80 9 20

minor 3 085 0 00063 30 22 1.10 11 90

mmor 3 129 0 00055 12 87 0 80 13 00

minor 3 095 0 00220 40 82 2 40 15 10

mmor 3 284 0 00192 44 62 2 20 12.60

minor 3 454 0 00171 127 37 3 90 16 60
minor 3 501 0.00112 32 82 2 90 16 00

rninor 3 521 0 00104 43 34 3 50 17.20

minor 3.208 0 00252 96 56 3 20 16 20

minor 3 381 0 00167 90 38 2.20 15 60

minor 3 613 0.00120 187 37 3 70 19 60

minor 3 616 0 00219 70 70 6 20 17 40

minor 3 591 0 00229 126 41 7 47 16 94

minor 3.591 0 00229 126 41 7 47 16 94

mmor 3 437 0 00121 27 62 3 92 16 97

sninor 3 539 0 00138 37 22 3 86 16 36

minor 3 370 0 00190 89 55 4 24 15 45

distinct 3 434 0 00764 352.56 4 83 17 28

disfinct 3 523 0 00477 266.55 5.26 16 46

nnmor 3 128 0 00044 34 24 1 00 11 90

minor 3 425 0 00149 43 65 3 70 16 20

nninor 3 211 0 00167 48 27 3 20 16 60

significant 3 201 0 02576 164 18 I 50 12 90

rnmor 3.185 0 00157 74 07 160 9 00
minor 3 346 0.00140 71 54 2 70 15.60

stgmficant 3 300 0 02296 739 56 3 50 17 40

minor 3 480 0.00121 24 75 3 40 17 70

mmor 3 438 0 00094 24 99 2 80 15 70
rninor 3 597 0 00148 24 57 3 70 19 30

distinct 3 153 0.00676 98 41 3 10 17.20

minor 3 533 0 00190 55 56 6 10 17 30

tninor 3 267 0.00109 31 50 5 00 16 70

minor 3 463 0 00122 24 51 5 70 18 20

disfinct 3 694 0 00335 81.38 5 80 15 90

minor 3 220 0 00085 37.01 2 50 15 60
disfinct 3 775 0.00378 0 00 4 70 27 40

mmor 3 477 0 00123 42 45 3 70 17 90
disfinct 3 503 0.00427 227 42




minor 3 578 0 00252 36 54 5 30 16 20
significant 3 184 0 01574 44 30 5 20 17 80
minor 3 496 0 00230 51 61 4 60 14 10

minor 3 493 0.00178 26 81 4 20 15 50

mmor 3 569 0 00112 0 00 4 00 17 10
sigmficant 3 437 0 01195 271 68 4 80 16 20

minor 3 187 0.00094 21 32 1.70 14 00
mmor 3 405 0.00212 25 48 3.50 16 60
distmet 3 537 0.00576 188 43 5.50 20 00

distinct 3 148 0 00440 75 22 2 70 14.40
signilicant 2 968 0 14264 5687 70 2 50 18 70
significant 3 183 0 01104 1833 23 3 20 24 70

significant 3 437 0 01397 653 77 4 30 18 00

significant 3 428 0 01555 414 09 4 50 17 40
distinct 3 314 0 00805 441 61 4 10 15 20
disfinct 3 268 0 00654 267 61 2 80 17 00

minor 2.971 0.00000 34 08 1.00 5 60
minor 3 366 0 00081 34 64 2 70 13 80
mmor 3 379 0.00085 29.46 2 30 14 10
nninor 3 373 0 00087 37 22 I 90 15 40
mmor 3 435 0 00101 44 07 2 80 13 90
mmor 3 459 0 00119 33 35 2 90 16 10
minor 3 534 0 00101 30 03 2 50 15 60
mmor 3 484 0 00191 47 72 3.60 24.70
minor 3 329 0 00140 21 10 2 40 14 90
minor 3 485 0 00150 38 12 2 80 16 40
minor 3 362 0 00099 0 00 3 10 1690
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FeP' gravitY
(g/cm3)

agnetie Retna-
usceptibility snence,

7 7/095.0

7 7/107.0

7 7/111.0
7 7/121.0

7 7/123.0

7 7/128.0

7 7/132.0

7 7/139.1

7 7/142.0

7 7/148.0

7 7/151.0

7 7/156.0

7 7/161.0

7 7/166.0

7 7/171.0

7 7/177.0

7 7/181.0

7 7/182.0
7 7/185.0

7 7/189.0

7 7/191.0

7 7/195.0

7 7/199.0

7 7/202.0

7 7/206.0

7 7/209.0
7 7/211.0

8 8/074.0

8 8/086.0
8 8/094.0

8 8/095.0

8 8/106.0

8 8/113.0
8 8/126 0

8 8/132.0

8 8/144.2

8 8/154.0

8 8/158.0

8 8/163.0
8 8/169.0

8 8/170.0

8 8/170.9

8 8/180.0

8 8/186.0

8 8/188.0

8 8/190.0

8 8/201.0

8 8/211.0

8 8/218.0

8 8/229.0

8 8/234.0

8 8/237.0

8 8/241 .0
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8 8/257 0
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8 8/276.0
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8 8/293.0

8 8/295.0
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leucog. ecl.

ferrog. ecl.

leucog. ecl.

ferrog. ecl.

ferrog. ecl.

ferrog. ecl.

amphibolite

amphibolite

amphibolite

amphibolite

amphibolite

leucog. eel.

minor 3.637 0.00144 26.14 6.62 17.61
distinct 3.582 0.00551 66.39 6 52 17.17
distinct 3.491 0 00426 117.17 5.82 16.51
minor 3.499 0.00191 31.71 3.06 16.02
minor 3.296 0.00103 0 00 2.39 16.30
minor 3.307 0.00094 0.00 1.90 1646 

millor 3.197 0.00082 0.00 1.14 14.14
distinct 3.470 0.00354 91.28 4.76 17.66
minor 3.772 0.00248 52.49 6.33 24.16
minor 3.629 0.00185 27.62 4.17 20.23
minor 3.123 0.00070 22.78 1.43 13.11
minor 3 433 0.00171 51.88 5.64 16.67
minor 3.096 0.00071 0.00 1.50 12.52
distinct 3.584 0.00730 382.09 5.49 23.42
distinct 3.355 0.00728 250.00 2.21 16.03
minor 3.347 0.00081 26.74 1.25 12.07
minor 3.436 0.00189 39.36 2.68 15.06
minor 2.900 0.00061 44.07 1.05 11.67
distinct 3.351 0.00716 241.67 4.48 19.27
significant 3.264 0.01232 357.19 4.29 16.51
distinet 3.237 0.00597 334.82 5.01 17.14
distinct 3.309 0.00375 109.08 4.26 16.80
minor 3.518 0.00178 32.29 6.56 14.60
minor 3.620 0.00225 64.38 9.16 17.62
minor 3.603 0.00192 0.00 6.14 18.15
distinct 3.208 0.00426 83.17 6.00 15.81
minor 3.198 0.00277 62.99 5.76 15.52
minor 3.577 0.00128 24.70 3.02 19.06
minor 3.481 0.00145 32.44 3.53 18.49
minor 3.537 0.00146 51.79 5.43 16.34
distinct 3.260 0.00353 66.71 5.71 17.69
distinet 3.562 0.00521 135.02 6.16 18.22
minor 3.557 0.00199 33.28 3.18 18.95
distinct 3.550 0.00354 122.39 6.38 19.82
significant 3.459 0.01649 979.83 4.62 18.11
minor 3.155 0.00098 20.49 0.61 14.48
distinct 3.065 0.00851 542.28 0.85 15.45
minor 3.058 0.00069 0.00 1.03 14.57
minor 3.147 0.00068 0.00 0.52 11.23
significant 3.264 0.04849 961.50 3.14 18.94
significant 3.198 0.02807 226.07 2.10 17.21
significant 3.213 0.01567 395.86 1.74 17.34
significant 3.234 0.02419 775.33 2.61 17.31
minor 3.065 0.00171 73.07 2.57 17.79
significant 3.239 0.02900 1099.23 3.34 18.36
significant 3.354 0.01421 496.45 2.84 18.21
distinct 3.251 0.00957 329.39 2 07 16.52
distinet 3.426 0.00678 435.19 3.29 20.93
minor 2.955 0.00281 27.55 1.27 13.13
significant 3.468 0.02597 1242.23 4 95 22.26
distinct 3.282 0.00641 272.72 3.34 16.43
minor 3.503 0.00281 70.60 5.42 18.24
minor 3.205 0 00159 49 36 4.00 14.47
distinct 3.460 0.00686 210 43 5.37 17.88
distinct 3.131 0.00702 489.16 1.70 14.07
significant 2.995 0.02872 I 135.76 0.97 12 72
minor 2.905 0.00049 0 00 1.72 11.39
minor 2.796 0.00059 46.19 0.68 5.56
minor 2.788 0.00040 36.45 0 60 4.60
distinct 3.398 0.00428 113.42 3.09 20 29
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Appendix -I: (tnnp:rkon oF (1113rent anal  ses on the Sffille cere-seetions.

Sample




\lagn..«

Anal. In Dul'ont's 8:-Nlet (15 sec.)

(.tit surface Lut surface

Ut..20.3

Xnal. b  18 Gt 's X-Met (15 sec.)


( ut surfacc Cut surface

	

". 1102 "/.1,..203

8nal. by NG1-1. X-Met (15 ser.)


ore surfare tore surfare

	

". I i02 l'e203

4 030.0 e Jegoe 3185 0 00157 I 1,




2 $ I, SI

4 035 9 eLlegne 334b 1)00111




6 2 1 13 " ' 0 1-12

4 026 9 edogne 3201 o 02576




12 9 2 u 13 2 I 13 3

4 024 I onthibelhe 3211 0.00167  .2 6 3 4 15 3 2.6 15 5

4 054 0 ecleghe 3438 0 00094 2.8 18 3




2.6 14 9

4 159 7 eeleghe 3268 0 00054 2 8




3 I 6 6 2.6 14 0

4/09 9 ed0IIIle 3477 0.00123 3 7 17 9 3 7 17 0 2.7 16 3

4•964.9 eelegge 3153 0.00676 3.1 17 2




17.0 23.) 15 6

4 137 9 geIegite 3183 0.01104 3.2 24 7 3 6 1 0 7 3.0 17 2

4 037.9 eeloeite 3300 0.02296 3.5 17 4 4 0 17 9 3 I 17 3

4 044 1 eeloeile 3480 0.00121 3.4 17 7 4.0 17 2 3 1 14 4

4 016 9 gelogne 3425 0 001 - II)




16 2




20 6 3 4 18

- I (161) 9 L',Hyne 326 0 nulw)




1t,




I b 3 4 15 6

4 059 8 ..:11,,..gte 359- 0 180418




19 3 3 IS 19 3 5 18 5

4 125 2 ecle..ete 3405 0 00212




11)6 ; I 15 9 3- 13 5

4 0-4 9 1:31,-,2gg 3220 e 00085




15 2 6 15 3 6 11 4

4 151 9 e..1ogge 3311 0 00805 1 1 15 2




1-17 3 6 14 3

4 098 9 eLlegge 3193 0.00178 I




15 5 3 7 14 2

-1 110.4 ecIogge




0 on112 4 1- 1 1 4 16 6 3 8 15 1

1 113.9 eLlegge: 3437 0 01195 $ 2 1 8 15 3 I I 13 I

4 071, 8 ecIegge 3461 0.00122

•;

18 2




15 1 4 5 12 8

4:140.9 ecIogite 3437 0.01397 I 3 18 0 I 7 17.3 4 5 16 2

43169.7 eelopoe 3533 0.00191 6 I 17 3 6 2 16 8 5 2 14 2

4 073.8 3.31og0e 369-1 0100335




15 9 6 2 15 7




14 1

4 079.9 eelegge 3775 0.00378 I 2" 4 6 I 26 3 7 7 70 3

erage 3 74 ' 17 08 4 02 16 58 3.56 15 00

1102-differences:
0.28 111 ' 4

1340 ". 1102 4

Based on these data .VGL's X-Ifet give in average 0.28% Ti02

1-.5"sd higher ralues than DuPont's X-Met on cut surfUee.

3 -

3 5

GI 's %-lletgive 0.46% Ti02 higher ralues I I 2.9"4 on cut

surfoce ihan on round surface.

4
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I abli I4 Fh 11 1.111k.'hol1eilet

1Fun- Rock t  ue ic 1/3 oode i hule `; 0 ld ;I/e RfluOp Inu 5phene Rynou

3rugon .w<lou II .

I 66 K leueog. eL-1 I .ihund-ini Op 1 -Rui u i <-1-1/J,  R

1/101 R IIRCI'111. CCI • II i O,1111111dallt R.(II R S-1 Rui . .0p I gt(),,

R 11111101/II1/1 26 5 leueog eol • o S alondani Rii -Op 1 1,:s1(y;

I/ 16-1 2 ICITOW.. CCI •.II t 0 tt IlbIlllittlffi Op -i<111 + C\ lell‘lle

la)er

Iel;ie 1:6ei • ' ahundou

:' 1 15 '/ lerrog el. 1 . 0 / - o -/i, 00 '; thundao RIII O Rut - -Op 1

2/1 25.9 leucog. •.0 I O 1; Rut 0 1-0 2 ILIII Op 1


Unierni eul

2/1 5-I.8 lerrog ecl -ilunolani Rilt 0.5- 1 Ro..01/1

2/1 69.(1 Ierrog ei-1- • 0 7 abundant Rut • -Opl

2120 I S I.eueog edl - 0 5 .ihundani Rui 0 S Itni -( )i) I

t.16 • RIO 11111101I RUI tflp

2-.2.2 1 la‘ered Li s moderaie 2 o Ruo -30p


Ieueog egl

leucog ey1 • g 0 71 19 S inoiUn9nor

V7.1 amploholue ' • :ibuudant (R)111;1(-)1:12iii

r//6 '.9 leucog ecl . 15 20 nuuleruie Xiii --Op 1 il. g

g hou(/65 3 cor011111C • OS 15 20 nituleruie ()p I -Ro li

leueog

onl  Rill 'tt76 gneoo 011u1 oden-u‘e '

.ihundant Rui 0 5 Rui -Op I

moderme Itot -Op I

nunor Rin 0 2 Rut -Op 1 5- 10'; 0 II /1111n01

ahund Rul 0 15 0Op I :t 10'; iuiiiiiir

dhundunt Rui Ro • Opl ur 0 unnodu

nuuler.lie Ro 0 2 0 Itui lp I li

99ne cr  • Jhunj kui Rui --Op

	

\ .11,1111d Rut 0 ; Rui .011 fl

g none/g

	

ihund Rut -Op I

11111101I RIII 0 I ItH11 O Nmmble

1110diraIi RIII 0 IK RUI -0p1 u-flon, g

1110LICIIIIC RIII 0 S' kill . •I tri 1 g

mod/ahund Ro -Up ooeno‘e

.Oundaiu Rui h ir 33(eno‘c

:1551/mmor Ro -Op 


rnolinunor Rut g 2 o i Roi -Op uuno 'u

mo,1/.115und Rut 0 s Rui -I 11 1 70g

.111111R1,1111 kIll • .0111 I t ) I 5"; 9999]

ihundont Rui 0 ; Rui .0p 1 IF. nonc '

modiahun/1 Ro .( )6 1 0'

nunor op 1 -Ro unno

.Ou:ullo 12 1:!: ..( t I ii ti il.,, lic

.thund.in: i (i. sui -i,..eini

mt,il,.:bund I6o .0p I o  1s, -, , g mino

 CIN iblIIRI RIII .0p -,,, inRII,I I C\ ICII0NC

-11 ' ;

g jr


g

c \ It'11, 1 ('

u

nuno

u 0 none

u3-50 0




# .3( ; 0 t




It

u Li




20';




u




gne-63




0

u 101 g 1eucog c/-1 . 10 I 5

VI 10 0 I-eueou e‘ . 10- 15

7 9 leueog 1 g 10 15

t/ I 27 Iayer./mleon

eel

0 5  1 2 lo

g I 96 6 leueng .uS 2i1
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// 1 17 ; I.J ered e/ 1 1 .1 25 10

-1() terrog

hifierm /5.1
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t/II"t0

3/1 g
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ferrOg
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.1/2 I 0 la>er. Icucor

ed..

2 il

65 1 g Entenn ci 1 . g i g 1 (5

1/2(, „ Iew._„,... ,,,i . 11 I..,i) t., Rt, 211
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I/ i5 9





I/ -47 t) leuk .,<2. eLl II ", 25 z0

I,' '`; 9 terrog cel . 0 5
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23 /0

1.31-1 I intero c/-1 - o ; 2n 25

1/5.1 g 1.o-er.-.1 - „ -; „ -
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Appendix S. p:n.!e 2

Gt si/e ( pt loode Okidc c-I( Okide siie

t max.)

Rut/Op

II iind/or 11t

Ilrn

/11m4-Rot

Sphene 12etrogi

<0.5 40 ven ahund Rot 0.5 Rut>Op 1 <5'; 0 none

<0 5 45-50 ‘ers ahund




Rot»Op I tr 0 none




0 I ahundant




Op»Rut >=70c? tr. :unpluh  1
<0.8 5; very ahund




Rot»Op 1 <50 0 none

<07 25 verv ahund Rot 0.5 Rut>01, I 05I/I, + tven0 none/tr.

<0.5 45 aht.indant Rut 0.3 Rut>»Op tr. It none

<0.5 20 very ahund




Op I>Rut >60(4 0




<0.7 35 ahundant




Op 1>Rut 10 g ti minor

<0.7 35 moderate




Rut CO 0 minor

<0.7 211 moderate




OpI<Rut <5,I




none

<0.4 30 ;thundant Rut 0.5 Rut <50




none

<0.8 35-40 ‘. ery ahund




Rut»Op I <50 0 tr.

<0.5 35 \ ery ahund Rut 1.0 Rul>Op I tr. 0 none

Thin- Rock t>.pe

.ection 


4/75.4 terrog. cel.

1/79.9 lIerrog. eel.

4/81.9 amploholne

l/86.0 terrog. eel.

4/ti7.9 eel.

4/97.3

4/120.9 ferrog. cel.

4/130.; ferrog. ecl.

4/151.5 layered

5/37.9 1eucog. eel.

5/61.9 terrog. ecl.

5/1 34.2 terrog. ecl.

511 70.1 ferrog. ecl.

Appendix 4. continued

Thin- Lateliaet. Carh Other nOnerals I Texture Comments

section

1/66.8 + :thundant I OnlAtn. folded folianon

Wmica.clo/Ep I crenulation

1/101.9 tr.t Am. granular,

Wtnicaunt.Q.Ap cak FOniAin.Q.ntica

1/126.5 +tearht ahundant 1 Oto.Anu NI. granular. s‘eak onentation

WInteaunt..Ap.()

1/164.2 OnitAin,

clo/IIp (11),Q011)

ahundant I OmI.Q.WIntea. strong 0 liel:Ep+Biot+NIag

Ap.clo/EplIirc

2/115.9 no I OnI.Am.Wmica, granular tahular folianon Orn.Anunica,Rot

Qtrul

2/125.9 ahondant 1 OntArn.clo. Ileterog.,

Wtotca.Q Cpx porphyroclast,

2/154.8 +(carht tr. I OnT.Am,Q.Ap Heterog.,

granular not Oftemed

2/169.0 granular not oriented sce 2/154.8

Wnlicaunt.Q.Ap

2/20 I .8 tr. ± I Ont.Ani.Wmica, tahular,F=Om.Arn.

Q.Ap nuca.oudes

3/6.8

3/33.9


3/37.1


3/62.9

3/76.9


I/85.7

0 + I Oin.Ani,WnliGt. strong Fline-gramed domatn.

	

ahund (synIpt LA111,10, StrOt”: FILICtOrtUdd

Winuea.() pseudomorph.

	

f- 1 OnI.AmtNILWInicaf) toliation: Otuporph  rohl. ious

ttrt.c/n/IIp fine-gramcd areas ortentations


AlluQ,cin,RIol.AFII GI porphYruhLI
tine-ermned matux

tt c.lit undt t I Oin onented LIciajion carh I/Rut: Om.'

,•/o/to4-11,-Wnoca psilldirect cotonnic

ted11,1 nunor 1 OnI.Atifio.Wnuca. pseudoluorplue Ruth. red rvst. d01-01111c

Q151)(; cii dr.11 pseudomorph=

\Vinica.c/o/F.p. folded Lnoca. c/o eclogoe-lactes:cuhedral

117) pseudonl.t Orn7I
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I hi n- Late tract Carh Other ininerils 1

Neet1011

"Texture ment 


tr. I (mnel) Arn(M Msymp0,

elof),Wnnea.Ap

tr. AnuNI).Wmica,


(,),,e/o.Fp
AnuNI),Winieai

Q.elo
thundant I OntAmf),

Wilnea

Cpx„An), Wnnea.
C),e/o/Fp

ihondant I Oni,Ain.Wmica,

C),elo
ahundant I 0m,Amf)
tr/minor I Oni,Am,Q.

Wnuea(m).Ap

r. abundant 1 Om,Anuml.Q.

c/olm/tr) 


pseudonlarplue, del onned

pseudomorphic÷F:

see 3165.3
F: Tnica

tahular grnnular 0111+( I \ ()...earh-neh

not oriented. -erenul

tblintion: Am 0orphyrohl. laers Wnuea+Q- earb-r

granular not onented ahundant P r I

diftse larering:Carh-nch
' sehlIeren '

3/146.9


3/1 59.S

3/160.9

3/101.9

3/1 10.0

4/117.9

3/127.3

3/136.6

3/137.);

granular tahular lRttt
streaks)

pseudom.; strong

F:miea.eZo,()

mylonitie, Am

porphyrohla3ts

orielnell.granular.Am
porphymbl.
folintion/la  enng

Orlellled R ut,earh.

eZo segreg

sheared

+ late ultramylonite

reen„stallued pseudom irphie

granular,F= Om.oxides

deformed honeyeomh

heterogeneous Imode

layered hot not oriented

lonme lobanon 0111.

nuCa.RUI

la)ered. ampluholln/ed

earb+mica+Q vein?

1nyering=sheared p,;eudomorphie
te

see 5/37.9

Kel:Am+Lp+P1

thuh sphcne I )elni

Kel> 0. Fp+Anl,sphene vs Ep

Tle-earhHphene

Hnubi to .1174)O 11111 Q.earh 1

sphene along nicture,
FILnd inel .Q+C..1111-11en not

ahund,Int 13),r i 1 akindant lini

LEII)

I

4/2.0 + I (symp1),Aill,eio,
Wmtea(M),Q

4/9.1 + I Oni,Am.eZot N1).
Wmie:1

4/16.9 no I OnLAIII,e/o/110,
Wnueal.)

4/2 I .0 ;thundant 1 mpl L•num I.
eZo/Ep.)Knuha,l)

4/2430 + (s),mpl).Am.

eZo/I PQ
4/26.9 0

eZo/I:p(N1).WmleaA)
4/303) inel. Om,Am.ciot N1),

QN1),Wmica
4/35.9 no 1 Orn.Aml N1).

cLo/Ept N1).Winiea.
4/37.9 :thundant 0 Orn,Am.Qm),

Wnneattr
4/38.9 ++ Icar13) tr tincl) OntAm.Q  n0.

Wmica  mhelo,A0
4/44.1 1111110I

C)
4/5430 + learN major I Om.Amt NI),Wrnicaf)

(N11.1'.0
4/59.9 Ir. ir . I 0m,Ain.Wmica.Q1m)

A0
4/65.9 nlmor I3).mpl ),c/o/hp.

Wmica.Q.Ap

4/69.9 Il mmor Winiell N11.1.>01p1) :3ranuI1r+ Enuca
Anil nu.Q,cio

4/72.9 sympl 1,Wmica. layered
AntEN

4/75.4  IeaTh ihundant 1 Orn,An3Q,I,p3 weak onentanon
Wnueaw I Om. oxIdes)

4/79.9 minor 1 Om..-Nnum ,f)(n0,A0 granular but olide streaks
4/81.9 also 1. mpl .Am11+P14+4)).

Ap
4/8630 ahundint
4/87.9 ihundant Om,Aml

0 Oni,Am ngraular

granular. iented
4/97.3 dun waTh majorI (»N1),Anh)m granular. )).eakb, lii lented

4/120.9 • (ea: + I Oull.AmINILQ.Ap

4/130 $ 1.3n1) ,lbundant i Onl.Anli N1 .O. fatt atitin Onl.And:

+ (earh)

0

+ earh)

NI



APPcndix 5. Itire

hin lite Itact Cdth odier ttitiet.i I I letiire

1/1 r hnrAni \\PI Q tet

	

et I ,1!1  1

/I/R.r IIIIL IILII

m c 7o11.-4,,

\\•nuirri

	

I ‘  fl Li Om Ani,Qpn, Ap

	

2 Et notiot I I )ni.Ani.e/o/Np.
\Vinier p

	

7P I li LILLLLt'tI . m

,/"HIL \l'

/LI •Cu'IC,1

III \ t011111l

RIII
011e111,11101111 1111

Rock type mafie eelogne (pr lerrogabbroie .dreate are marnly garnet..unphaerte and amphihule:
quartf, chno/opme. t‘Inte nuea may be pre.ent m nunor amount.. 1_piht eclogue or leueogahhroic:

quart). elmoiondle. nuca and amphrhole are mapr unnerals. Intermethate eplogne: malre with nptable
ampunts ol quart7, noca, elmoioisite or earhonale.

riarner  /:c- Ina,"1 sue til nun. Where t‘“, Nalue,:ne gr\ en. the t o Ll ttutttbet mdreate,, the sue Lii

the large.t popnlarlan. the one til brackets a nnnor population.

Carner HiLl. \I‘n,t1 esnin.nes ni vallimeLi.

rhidel/r: relanve seale trw trace lIV o rniwif. moderate. abundam .rnd rery abundani. Visual
estnnate, iii the total .imount til oxides (rutile. inagneme and ihnenne I .ffid lit itt LullideL tp  rnet.

rtude : maximal sue 01 litt). Indleated lor sunile runle grams. not Plu.ter.

kiffile/Opuipw: Opaque = magnetite ;1nd ilmenite I :md II. Op I is genel..dly magnefite. Op = Op I r

isual esumates m volumeur

	

not reporded -- Et, present = eopma .nound rutile/drucnne Ith n Ilie rock reorona I

	

•uhhedral er\ 'tai ilinn late vems

Retwerey‘nin: relati  e sedle from none. trace. nunor extensive. yers iensive Nor = no

tetp  ,..rrer‘ron eLpept .dong numerous late traendres.

(//ricr rnwpwls I: echigite taeret nunerak m .tddition I garnet. mrde, and earbonate.

In hrackeK: mmer .11. I I retwgre,..i e). tOrn) stitileemes afier omphaene.

Ahhle‘ lanons: Ap lipatilet. RLLII bndihn. Carh  ear bonatet. ( 'til teliluritet. ito

Lellno/oisile  . (epidote (It garnen. Ihn liltiteriLie. Kel tke}plittet. NI.p!

.nugnctne nn pinpliacte plagro:la‘e I kliI 1111Ille  . L>mpl

s>mple:tne.r 1111..11 \  111le unca: phengne • paragpmter /11C,,11)

	

= tu. nlinou unt. matur =

fi•krurc. L lidminIn
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Appendix 8a:

Photographs of' 10m core sections

Dh6

Photographed at NOLFs core storage at Lokken
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Appendix 811:

Photographs of lOm core sections

Dh7

Photographed at NGli's core storage at Lokken
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Appendix 8c:

Photographs of 10m core sections

Dh8

Photographed at NGt:'s core storapic at Lokken
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Appendix 8d:

Photographs of 10m core sections

Dh9

Photographed at NGl J s core storage at Lokken
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Appendix 8e:

Photographs of 10m core sections

Bh 10

Photouraphed at core storage at Lokken
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Appendix 8f:

Photographs of 10m core sections

Dh3

(continued: se report 96.062 for Dh3 0-163m)

Photographed at NCHIs core storage at Lokken
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