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EXPLORATION WORK WITHIN THE MANNEJELLET-




FONNFJELLET PROPERTIES , MERÅKER, NORD-TRØNDEIAG,

1996

1. 1NTRODUCTION:

1.1 Location and Infrastructure:

The Mannfjellet and Fonnfjellet properties are situated within the Meråker municipality in the

eastern part of central Norway, (see Elg. 1). The properties extend southwards from a point

less than 1 km Southwest of the Meråker municipality centre, which is located on the main

road and railway line between Trondheim and Sweden. The distance by road to Trondheim is

78 km and to the Trondheim airport at Værnes is 47 km. In spite of celebrating its one

thousand years anniversary this year, Trondheim is a modern regional centre and University

town with some 140,000 inhabitants.

1.2 The legal aspects of the Properties:

The adjoining properties of Mannfjellet and Fonnfjellet consist of 78 individual claims

(nutinger), renewed for 1997 and covers an area of 19.5 km: (see Fig 2). All the claims are

«pegged» on copper, zinc and gold.

The blocks were initially applied for by Norway Gold Exploration A/S (NGE) in 1995 and

expanded to their current extension last year .

NGE is the formal holder of the claims belonging to the Norwegian Mineral Venture (NMV)

which is a Joint Venture agreement between Geologiske Tjenester a s /NGE and the Canadian

company 1052544 Ontario Ltd. In 1996 NMV entered an agreement with Blue Emerald

Resources Inc. (BER) of Toronto, Canada permitting BER to earn an interest in the properties

BER has through Geologiske Tjenester a s carried out substantial work on the properties

during 1996 which is presented in this repon

1.3 Logistics and Personnel:

T'he claims as shown on Fig. 2 are situated on the eastern and northern slope of Mannfjellet

and Fonnfjellet, frorn between 300 m to 800 m above sea level, the tree line is mainly around

600 m. Vegetation varies from zero in the highest elevations, to mountain birch and scattered

spruce at medium elevations which also is heavily covered by peat. Lower elevations are

dominated by spruce and some pine, (see Photos 1-2). A dirt road is running north-south

along the properties in the valley to the east. Most of the area, however, can be reached by a

tractor or a muskeg.
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Due to the short distance (5-10 km) the exploration crew lived in Meråker during the program
and drove by car into the field and walked up to the properties each day .
The field program was carried out in two periods between August 14 to October 5, and
October 21 to 24. The field personel varied between I to 4 persons, but 2-3 persons were
involved most of the time.

Geologiske Tjenester a.s. supplied the following team for the job:

Boye Flood, geologist, supervisor
Arne Reinsbakken, project geologist
Jannecke Bugge, geology student, field assistance
UlfJohanessen, geology student, field assistance (until September 10)

2. GEOLOGY AND M1NERALZATION:

411 The Meråker district constitutes the north-eastern part of the Trondheim region. The Meråker
West area which contains the Mannfjellet and Fonnfjellet properties is underlain by the
Ordovician Fundsjø Group. This group is in its lower part dominated by basaltic volcanites
intruded by tonalitic rocks Higher up in the sequence, interlayered felsic tuffs and tuffites
increase, and in places also graphitic metasediments occur. Particularly this upper part of the
sequence hosts a number of massive stratiform sulphide deposits (VMS), (see Fig. 1).
The sequence strikes roughly north-south, and dips around 50' to the west.
Metamorphic grade is Upper Greenschist to Lower Amphibolite facies

The regional setting of the Fundsjø Group resembles strongly that of the Stekenjokk
metavolcanites further north in the Swedish Caledonides. The Fundsjo-Stekenjokk
metavolcanites is one of the most important «Greenstone belts» in the Scandinavian
Caledonides in view of the highest abundance of VMS deposits The largest deposit is the
Stekenjokk-Levi orebody which contained originally around 26 mill mt of copper-zinc ore.

An account of the regional aspect of the Meråker area is given by Grenne et. al., NGU Bull.
427, 1995 which we have included as Appendix I.

Within the properties Fonnfiell, Løvlibekken and Mannfjell deposits, (see Fig. 2), all typical
VMS mineralizations, were mined during late century and up to 1918. Mannfiell is the

largest having produced around 100 Kt grading between 1 and 2 % Cu. Zinc does not appear
on the old assay list as it was apparently of no interest. Precious metals were not assayed prior
to 1990 when new samples were collected from the dumps that indicated significant contents
of Zn and Au.

Later selected dump samples have shown the following results.

Mannfiell: 9.7% Zn, I .6% Cu, 35.4g/t Ag and 0.71g/t Au

Fonnfiell: 4.1% Zn, 0.4% Cu, 1.6g/t Ag and 0.03g/t Au
Løvlib.: 0.4% Zn, 5.3% Cu, 31.5g/t Ag and 1.96g1t Au
Øytrø: 8.9% Zn, 1.1% Cu, 98.0g/t Ag and 1.59g/t Au
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Beside base metal sulphides, pyrite is the dominating oreforming mineral in these deposits,

both in the massive bands (Photo 3), and in the footwall mineralized zone (Photo 4) The

footwall pyrite occurs both as thin (cm) bands and as dissemination and stringers, all set in a

chlorite-rich rock which is generally low in both base metals and gold

3. PREVIOUS WORK:

Extensive visual prospecting was obviously done in the Meråker area during the late1800' s

and early 1900 resulting in a number of discoveries on exposed massive sulphides. Since then,

no new deposits have been found. The deposits were mined through small open cuts and by

adits started downhill from the surface exposure and driven westwards until they intersected
the ore zone. Thereafter they followed the zone along strike by drifting and stoping as long as

thew were in ore, (see Photo 5).

Vinually no detailed, modern exploration work has been carried out in this part of the

411
Trondheim Distriet

A stream sediment survey was done by Skorovass gruver in 1966, but only semi quantitative

assay methods for Cu, Pb, Zn and Ni were used Some discrete anomalies occur down stream

from the old mines, and one anomaly with unknown source occurs south-west of the Mannfjell

mine No follow up is reported. (NGU Rapporter nr. 695 and 763)

The Mannfiell mine was in 1975 subject to a geophysical survey that included VLF and CP.

The CP survey clearly outlines the 350 m long extension of this mine. VLF shows a partly

strong anomaly which confirm this extension of the mineralization, but is off set around 100 m

to the west at its southern end. Thereafter it continues for at least 700 m southwards and out

of the surveyed area There are no records of any follow up of this or parallel anomalies. (NGU
Rapport nr. 1350)

No diamond drilling is recorded from this part of Meråker.

The 1:50,000 geological map sheet Flornes that was published by NGU as a preliminary

black/white edition in 1984, covers the project area. However, the dominance of granitic and

gabbroic rocks indicated for the north-western part of this area is according to our
observations wrong It is also misleading as it places the Oytrø mineralization in a totally

different environment to the other deposits found within the properties

In 1990, H.J.Karlstrom (BVL1 Teknisk Rapport Nr. 77, 1990) analysed Norwegian Caledonian

sulphide deposits for precious metals. The few samples collected from Mannfiellet gave the

second highest gold average in the entire survey. A later and extended sampling program by

NGU indicated high gold values also for the Løvlibekken and Gytro deposits, (see below).

Here gold is also followed by high silver values.

1n 1991, NGU flew a helicopter borne geophysical survey over the Meråker area including

magnetics, EM, VLF and radiometrics, the coverage is shown on Fig. 3. Maps on a scale of

I :50.000 have been produced from the various methods, (see insets from the EM maps Fig. 4

and 5), but no interpretation has been presented (NGU Rapport 92 153). A number of the soil•
3



• sample lines selectedfor our 1996 surveywere based on the position of the EM anomalies. A
more extensiveuse of these geophysicaldata is planned for the coming season.

The same area that is outlined by helicopter survey was also subject to a regional 1 x 0 5 km
soil samplingsurvey (C-horizon) by NGU in 1991/92. Since the results were only reported on
small scale A4 sheets and their assay list did not includegold and arsenic, our work last year
included some up grading of this survey, (see below).

4. EXPLORATION PROGRAM, 1996:

The last years program included:

Compilationand assessmentof previous work.
Initialgeologicalmappingof the properties on a scale of 1:5,000

• 3) Soil sample survey
Expanded assay program on NGU soil survey samples
Samplingof mineralizationexposed in or close to the old minesand workings.

4.1 Compilation and assessment of previous work:

The interest for this area was aroused by the report by Karlstrøm(1990) shovingthe
anomalouslyhigh precious metal contents at Mannfjellet,compared to other Caledonian
Norwegian sulphidedeposits. A further study of this area resulted only in a limitedamount of
data that is listed in the previous chapter. Based on this informationa program was set up to
improve our knowledgeon the known mineralizations,and to survey the unexplored ground
between the exposed deposits that lies in a large and essentiallycovered area.

4.2 Geological mapping:

111 From previous mapping,(see above), the north-western part of the property that includs the
Øytrø deposit, shouldbe underlainby Caledoniangranitic and gabbroic intrusives.Last years
mapping found this area to be dominatedby the Fundsjø Group volcanic lithologies.

In the lower and eastern parts there is a dominanceof greenstones, for the most part spilitic in
nature. Around the Fonnfielletdeposit interlayeringof greenstones and more felsicbands are
more typical. The latter varybetween finegrained meta tuffs, feldspar porphyries(crystal
tuffs ?) and partly fragmentalhorizons, (see Photo 6). A similarsequence is also observed to
the south at Mannfjell,where a thin massivesulphideband is observed within a fragmental
unit. Westwards and higher up in the Øytrø area, fine-grainedfelsicbands start to dominate,
(see Photo 7) and up to severalm thick gabbroic sills? become more frequent, (see Photo 8).

A preliminary geologicalmap scale 1:50,000 outliningthese mainunits has been drawn, (see
Fig 6 with Legend 6B).

•
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A moredetailedmap, scale I .20 000, will be produced after a few more detailed protiles have
been controlled in the field. This will be done coneurrent with the ground geophysical survey
that is planned to be completed before commencement of the drilling program, (see below).

4.3 Soil sample surveys:

4.3.1 Detailed survey, 1996

Due to the extension of the area, 9.5 km long, and limited budget, the soil sampling was
carried out along E-W lines that varried between 600 m to 2100 m in length and with a line
spacing between 200 m to 600 m. The line positions were selected to test: I) - Strike extension
of the known deposits, 2) - The more prominent EM anomalies, and 3) - The stream sediment

anomaly south of Mannfiell

A grid was established using a hip chain and compass; origin was on 32400 E /29200 N, UTM
Zone 32, WGS84. The base line following 32400 E was pegged each 50 m, while the sample
lines were pegged only at the end of each line Samples were collected for each 50 m and the
localities were marked with coordinates on a red flagging tape

As expected, without proper surveying, the grid does not fully correspond to the map grid.
However, by tape measure, compass and control points along the route, the sampling grid has
been determined in relation to terrain and the map grid

Altogether 709 samples were collected, mainly at a depth between IS and 30 cm. Sampling
was done with a spade for removal of vegetation and peat, and the actual sample was collected
with a hand trowel. Most of the samples come from the B horizon, or C if the B is missing.
1n places only a thin cover of skeletal material was amenable to sampling and in some of the
bogs, varying amounts of organic (0) material got mixed into the sample. Thick bogs were not
sampled (NS).

The samples, each with a weight of around 250-300 g, were put into a plastic bag marked with
the grid co-ordinate as sample no Sample sheets are found as Appendix 2. The samples were
air freighted from Trondheim, Værnes Airport to XRAL Laboratories in Toronto where they
were assayed for.

Cu, Pb, Zn, As and Au

Due to low values and very weak contrast in the assay results for As and Pb, no further
assessment of these results have been done For Cu, Zn and Au, the assay results have been
transferred to the Sample sheets in Appendix 2, and a Manuel calculation of the 90%ile and
95%ile values for the three elements has been compiled, (see Table I below)

•
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%ile Cu m in m Au b

95 52-441 64-268 14-95

90 34-51 44-63 8-13

Table 1: Percentile values for C'u, Zn and Au from the Mannfiellet soil sample survey.
N = 704

Only the 90 and 95%ile values have been plotted on the grid maps, scale I 20 000. These

maps are shown as Figs.7 - 9. Due to the varying and generally large line spacing no attempt

has been made to contour the results A selection of anomalies or anomalous areas has been

made by colouring in the more prominent anomalies on the individual maps, before making the

final selection with all three maps overlays studied on light table.

The selected anomalies are all indicated on the Zn anomaly map, (Fig. 8), and listed in
Table 2 below.

Anomaly Elements: Description

1 Cu, Zn On both sides of Baseline from 32400N/33000N

1A Au, Cu, Zn Extension of the no. 1 anomal north to 33400N/32800E

2 Cu, Au, Zn East of and along Baseline from 34000N around the Oytrø
de osit to 3566N. No Zn in northern art.

2A Cu 34300N/32200E. Two acroinin sam les with max Values

3 Cu, Zn West and south of Mannfiellet deposit between 28800N and

29200N

4 Cu, Au West of Baseline between 28000N and 28400N. Somewhat

scattered anomalous samples, but coinciding with old stream

sediment surve anomal Max. Au-value.

5 Zn, Au, (Cu) Around Løvlibekken deposit, east of Baseline between 32800N

and 33400N.

6 Au West and north of the Fonnf ellet de osit.

34800N Cu, Zn East and downhill from Fonnf ellet de osit. Contamination

29200N Cu, Zn East and downhill from Mannf ellet de osit. Contamination

Table 2: The more prominent Cu, Zn and Au anomalies selected from the soil sample
survey within the Mannfjellet and Fonnfiellet properties

4.3.2 NGU's Regional soil survey - expanded program:

This survey, conducted during 1991/92, covered the same area as the helicopter geophysics,

(see Fig 3) The samples were taken from the C-horizon and totalled 1554 samples on a

regional 500x1000 m grid. Assay results for 28 elements were shown as symbols on maps

6



on !:200.000 scale maps. Coloured maps lbr the elements Cu, Mo, Ni, Pb and Zn were also
produced.

The part of the survey area covered by the Flornes map sheet includes the Mannfjellet -
Fonnfjellet properties and is covered by 538 samples. On request from Geologiske Tjenester
a.s., NGU has for this area produced raw value maps (scale I :50 000) for Cu, Pb and Zn,
with enhanced 90 and 95 %lie values.

Since no assayswere done for Au and As in the earlier survey, it was agreed that NGU would
pay for shipping the samples to XRAL Laboratories in Canada, and this project would cover
the assay cost. NGU will receive all result atier one year. A composite anomaly map
including the elements Cu, Zn, Au and As is presented in Fig. 10.

Due to the sample spacing, this survey has only to some extent picked up the known mines
and workings within the properties The anomalies around Løvlibekken-Øytrø, however, are
indicated Otherwise the main trend of the geochemical anomaly is seen from st. Klepptjørna
and toward the south-east.

4.4 Sampling of old workings:

4.4.1 Dump sample results received from NGU:

A number of high-grade dump samples have been collected by Tor Grenne from NGU who
has kindly given the assay results to us. The numbering for the workings and mineralized
outcrops are shown in Figs 2 and 6-10. The same numbers are used in the enclosed assay list
in Appendix 3 Although the mineralization found in the different deposits are generally
similar, there are some main distinctions that are possibly related to the stratigraphic position in
the dominantly volcanic package. We are in this context not considering mineralization only
represented by one sample, as for example localities 2 and 4.

Fonnf ellet 7-10 . Lowermost part of the package (tectonically9). Low in precious
metals. Generally high in Cu-Zn, but decreasing values to the north (10).

Løvlibekken (5): Within central greenstone unit A Cu-Au deposit with low Zn and
medium Ag.

Mannfjellet (3)u Probably on contact between greenstone and upper felsic unit. A
typical Cu-Zn deposit with some Au-Ag sweetener.

Øytrø (6). Situated within upper felsic unit. Variable Cu, but rich in Zn and carry also
elevated Pb values. Contains the best precious metals value in this region.

Gamle Mannf ellet I : This deposit is within greenstones, apparently still higher up in
the sequence. A deposit with oly Cu is indicated.

•
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4.4.2 1996 Sampling of mineralized zones:

The massive ore zones are in most places no longer accessible and the dump sarnpling done
by NGU gives a good indication on the metal content in the massive ores. Hence last years
sampling was concentrated on the footwall mineralization and some other mineralized zones
adjacent to the known workings.

Particularly at Fonntjellet and Løvlibekken, there are several m wide mineralized zones with
bands and stringers of pyrite in strongly chloritic schists, characteristic of footwall
mineralization. Sampling of these and the less mineralised footwall rocks at Mannfjellet has
been the main purpose of this work. Massive ore has also been sampled at the above named
localities in addition to three mineralised zones adjacent to oytrø. Altogether 16 chip
samples, each 2-3 kg, were collected and sent to XRAL Laboratories in Toronto for assays.
The locality map, sample sheet and sample sections with assay results are shown in
Appendix 4.

Last years massive ore sampling confirm the earlier dump sample results The footwall
mineralizations are low in both base and precious metals The sampled zones near oytrø do
not indicate any similarity to this deposit.

5. SUMMARY AND CONCLUS1ONS:

The Mannfjellet and Fonnfjellet properties occur within the Trondheim region of the eastern
part of the central Norwegian Caledonides The properties are underlain by the Ordovician
Fundsjø Group which is dominated by basaltic to felsic volcanites and known to host a large
number of stratiform VMS massive sulphide deposits. The Stekenjok-Levi deposit, to the
north and on the Swedish side of the border, being the largest deposit yet discovered contained
some 26 mill. metric tonnes of Cu-Zn ore.

A number of mineralized showings and three small deposits (100 Kt.) that were mined for
copper around the turn of the century, occur within the properties Later sampling (from 1990)

11/ 	 has revealed high Zn-values, and, for Scandinavian Caledonian sulphide deposits, exceptionally

high gold-silver values for some of the deposits

During the 1990s the area was subjected to regional geochemical and helicopter geophysical
surveys. No modern, detailed exploration has been carried out in the area of the properties or
on the known deposits prior to this program reported by Blue Emerald Resources. A limited
geophysical survey was done on the Mannfiellet deposit in 1975 and in spite of known VLF
anomalies was never subject to any follow up No diamond drilling has been done.

Current research that revealed the above information led to the selection of soil geochemistry
and geological mapping as the best tool for a better assessment of the area and further
selection of targets. Ore grade values of base and precious metals appear to be associated with
the massive pyrite dominated parts of the deposits Different metal combinations are indicated
for different levels within the volcanic package

•
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Time and budget did not permit a sufficientlydense samplingpattern to give a complete
geochemical assessmentof the 9.5 km length of the properties. However, it was still possible
to outline at least 6 distinct anomalies, of which some are associated with the known deposits

It was not the scope of the 1996 program to definedrill targets. The objectivewas to obtain
more detailed informationon the geology and soilgeochemistryin order to assist in the final
selection of areas for ground geophysicsand infillingsoil sampling. This selectionwill be made
when an interpretationof the helicoptergeophysicshas been completed, see Proposed
Program below.

The numberof highgrade deposits found within the properties is intriguingconsidering the
generally extensivecover in the area and the fact that all mineralizationshave been found as the
result of exposure. The main objectiveof the 1997exploration program is for the first time, in
this area, to make use of geophysics,geochemistry and diamond drillingin order to expand
reserves on known mineralizationand to locate new deposits.

•
6. PROPOSED PROGRAM:

Geo h sicalinter retation: A geophysicalinterpretation map (1:20.000) based on the 1991
helicopter borne surveywillbe made available.Anomaliesof similarcharacter as are seen for
the known deposits willbe properly located by ground geophysicsand the best drill targets
will be located with the aid of infillsoil sampling,if required.

Ground eo h sics: All the helicopter anomalies,with or w thout geochemicalsupport, and
selected for follow up willbe subject to ground control. The best, and less expensivetool is
VLF controled with Slingram.As there appears to be an associationbetween some of the
deposits and magnetic ridges, ground magneticswill also be carried out. A numberof short
lines, 200 - 300 m long, willbe surveyedhaving a line spacingof between 50 -100 m.
Altogether around 25 linekm willbe surveyed.

Infillin soil sam lin Sincelast year's soil samplinghas in places too wide line spacings,

111 infillingsamplingwillbe required in placesbefore the final selection of drill targets can be
made. Also here, short lineswill be used. Altogether, around 10 linekm willbe sampled
giving a total of some 200 samples.

Diamond drilling: The best targets willbe tested by diamond drilling.A program of about 10
short holes totalling 1,000drill meters willbe carried out. Based on the previous VLF and last
years soil samplingwe have a target south of the Mannfielldeposit. We have also a good
EM/geochemicaltarget south of Løvlibekkenand north of øytrø, but the exact drillinglocation
must await the results from the above program.

The estimated cost figuresfor this program is given below.

•
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111 BUDGET:

Interpretation of helicopter borne geophysics and

1,000 Nkr

production of anomaly maps (scale I :20.000). 20

Magnetic, VLF and Slingram ground surveys, 4 weeks 135

Diamond drilling 1,000 m at Nkr. 600.-/m 600

Geologist for supervision, logging and reporting, 10 weeks 180

Field assistant for soil sampling, slingram survey and core splitting 80

Assays of 100 core samples and 200 soil samples 40

Accommodation and per diem 40

Freight I 5

9 Travel and transport 40

Sub Total 1,150

Contingency 100

Total 1 250

The program is planned to be completed during the summer or early autumn of 1997.




Boye Flood Arne Reinsbakken
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INTRUSIONS

Gabbro

TondIte

FUNDSJØ GROUP

Tuffite

Volcanites

GULA GROUP

Mica schist

SLAGAN GROUP

PhyIkte

KJØLHAUG GROUP
	 Metagreywacke

	 end phyllIte

SULkMO GROUP

Greenstone

Phyllite and calc-




areous sandstone

Sulphide deposits (1-7)

•

Fig. 1. Sirnplified geological map of the Meråker area.
Volcanogenic sulphide deposits are indicated by nurnbers:
Kongens, 2: Torsbjerk, 3: Mannfjell, 4: oytro. 5: Fonntjell. 6:
Skroydalen, 7: Loylibekk.

From Grenne et.al.,NGU-Bull 427, 1995

Mannfjellet and
Fonnfjellet Properties

FIG_
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Photo 1: Soil sampling on
elevation 550 m, 400 m NE of
Mannftell deposit Mannfiellet
(mountain) in the background.
Seen towards W

Tter,

Photo 2: Same locality as above,
seen towards NE

•



•

•
Photo 3: Massive sulphides (Nye Fonnfjell - 10). Seen towards W

•
Photo 4: Footwall chlorite schist
with pyrite as dissemination, stringers

,and bands. Nye Mannfjell, seen .
towards SW

•



•

•
Photo 5: Mannfiell with main dump Adit entrance (A) with open

cut and ore exposures (B) in the background. Seen towards W

•
Photo 6: Fonnfiell. Banded greenstone (G),
felsic tuff (F) and fragmental unit (Fr) below

4 Y'rore horizon. Seen towards W
4.
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Photo 7: Øytrø. Hangingwall
banded felsicunit. Seen towards

•
Photo 8: Øytrø. Folded ore zone
north of deposit, intrudedby
gabbroic dike Seen towards W

•
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Regional setting
The metavoicanic Fundsio Group is squated in
the eastern pan of the Trondheim Nappe
Complex. equivaient to the Kbli part of the Upper
Aliocnthon of the Scandinavian Caledonicies
(Gee et al. 1985). Although the subduction affini-
tv (Grenne & Lacerblad 1985. Grenne 1987) of
the Funasjo Group is now generally accepted.
vanous models have been suggested for its
exacz paleogeographic setung. Stephens & Gee
(1989) suggested an oceanic setting on the
Laurentran srde of lapetus. whereas a paleogeo-
orapnic linkage to the Baltoscandian continent
nas been proposed by, e.g.. Roberts et al.
(1985

The regronal setting of the Fundsjo Group
resembles strongly that of the Stekenjokk meta-
volcanites (Stephens 1986) further north in the
Swedrsn Caledonides. The two units are compa-
rable in age (c. 490 Ma) and both are structurally
overlain by a sequence dominated by rnetapeli-
les which are partly graphitic and contain inter-
!ayers cf quartzite and quartzite conglomerate as
well as thin limestones and metabasalts.
Furtnermore. both are structurally underlain and
stratigraphically overlain by calcareous phyllites
whion contain gabbroic intrusrons and local
metapasaltic units.

The Fundsjo—Stekenjokk metavolcanite se-
.-2uencehas a combined strike lenoth of more
han 450 km and is one of the most important
creenstone belts in the Caledonides in view of
the hion abundance of massive volcanogenic
suipnroe (VMS) deposits. The biggest deposit is
the Stekenjokk-Levt orebody containing onginally
c. 26 rhilliph)metric tons (Mt) of ore.

The Meråker area
The ceneral geology of the Meraker area (Fig. 1)
nas ::;reviously been oullined by Wolff et al.
:1967: and Wolff (1973). The present account is
oased on studies of key profiles and localities
combrned with airborne geophysical data optei-
ned during a mineral resource reconnaissance
Programme carried out by NGU.
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The 7-9 km thick Fundsjo Group is structurally
rverlain. with a sraep west-dipping contact, by

rrrrrtasearments of the Gula Gmup. The Fundsjo
,rrid Gura Groups were both involved in two pha-
ses ot early isoclinal folding. which is not seen in
the younger sedirnentary formations to the east
Lagerblad 1983). This delorrnation, of Early

Ordovician age. effectively rnasked primary
structures of the less competent lithologies such
as volcanic and volcantclastic rocks, except in
certarn local areas. Metarnorphic grade ranges
trom high amphibohte to greenschist facies.

The Sulåmo Group to the east is lying stratt-
zraphically above the Fundsjo Group, and con-
tatns a*, its base a local conglornerate fLille
Fundsjo Conglomerate: cf. Wolfl et al. 1967)
composed of detntus from the underlying defor-
med igneous complex. The conglornerate is fol-
towea up sequence by phyllites and calcareous
sandstones and a metabasaffic unit. Gabbro
oodies associated with swarms of plagioclase-
ohyric metadolente dykes occupy large portions
of the Fundsjo Group and are also found locally
in the Gula and Sularno Groups. The intrusions
oost-date Me early isaclinal folding ot the
Fundslo and Gula (Grenne & Lagerblad 1985).

Fundsjo Group stratigraphy
The lower part of the Fundsjo Group stratigraohy
s a sequence of basaltic volcanites and co-mag-
matic dykes and subordinate gabbro. Pillow lava.
:;:110\V breccia anc hyaiociastites are preserved

ang mpiy a submanne origin. A thin rron-
-- rmation comonsing alternatinc rayers of
ente. ovrrte and duartz occurs locally within the

:asaltic prie.
The basaltic sequence is intruded by a suite of

marse-grained tonalitic rocks: these are most
extensrvery developed in the northern part of the
area (Frig. 1) where they form bodies up to 3 km
"n-055 and at least 15 km long. Actdic dykes are
- ,Jrnerous aaove the larger rntrusions and in pla-
ys comprise quartz-feldspar phyric vaneties.

'0verlying the tonalite-intruded basaffic sequence
a level of acidic volcanites whIch are mineralo-

ttally ana texturally similar to the acidic dykes.
neir eftusive origin is revealed by local fine

arntnation and ther conformable nature; howe-
Jer, their precise origin either as tuffs 01 flows. or
Ooth. has not been possible to defrne due to
c.eformation and rnetamorphrc recrystallrsation.

The acidic volcanites are overlain by a vana-
v thick sequence of layered tuffitic sediments

vrth local rnterlayered pillow lavas and ackirc
:0uoclastrc rocks compositionally similar to those
rielow, The tutlites are generally fine gramed and
display a compositional banding due to varying

h=rrs. Buxe and E
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Demositno 1 2 3 4 5 6 7
Cu 1.4 3,0 1,1 1.0 2.1 1,3 2,4
Zn % 5.0 0.9 5.0 10,0 6.3 0.2 0,2
Pb ppm 35 80 473 3695 113 8 13
Ag ppm 6 14 36 90 8 4 16
Au ppm 0.1 0.1 0.9 1,9 0.2 0,1 1.1
As ppm 5 41 80 3050 11 14 4

Table 1. Bulk comoosition of VMS deposits in Ihe Meråker dis-
trict. Stratiform massrve suloledes. no 1-5. teener-Type aerao-
sita no 6-7 Depos:: nurnPers reler tc Fig

proportions of actdic and basic detntus: graohitic
varieties are quite common and locally pass into
araphite schist. Graphite is most abundant to the
south where the tuffitic sequence attains its grea-
test thmkness, and disappears tOwards the norlh
accompanied by a gradual thinning out of the tuf-
fites.

VMS deposits
Massive stratiform sulphides in the Meråker area
are generally confined to the acidic volcanite
level but also occur within the tuffitic sequence.
Most deposits are proximal, being situated
directly above hydrothermal feeder conduits in
the form of stockwork, stringer or disseminated
pyrite-pyrrhotite-chalcopyrite mineralisation with
a high CuiZn ratio and very low Pb contents.
Stockwork rnineralisation with no spatial relati-
onship to known stratiform sulohides (Tabie 1.
no. 6-7) is thought to represent feeder conduits
tz zresentty uexpaseci bres.

The actual massive stratiform deposits are
generally situated oetween the acidic effusive
rocks and the overlying tuffites. The most impor-
tant of the known deposits are clustered in the
central-southern part of the area. They form she-
et-like bodies with thicknesses usually not exce-
eding 1 metre, and are dommated by pynte and
sphalerite: chalcopyrite. pyrrhotite, galena and
arsenopyrite OCCur in vanaole proportions. Bulk
composttions (Table 1) of massive ore indicate a
tendency towards increasing Zn. Pb, Au. Ag and
As values from south to north.

Geochemistry
Prelirnrnary interpretations of geochemical data
from the Meråker area indicate that the ignenus
rocks of the Fundsjo Group can be subdivided
into well-defrned types which are represented by
analyses shown rn Fig. 2. The oldest basalts
recorded have a composition which is indistingu-
ssnable from typical mio-ocean ridge basalts
(MORB) with the exception of a pronounced
negative Ta anomaly. Such anomalies are a dm-
tinctive feature of island arc-related magmas
(Saunders & Tarney 1984), and lavas compara-

•

•

• 1

•
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ble to the MORB-like basalts from the Fundsio
Group have been found in the Lau Baen (Vallier
et af 1991).

In the upper part of the basalfic sequence.
possibly following deposition of the thrn tron-for-
matton. the MORB-like basalts were succeeded
by ,ow-K tholertic basalts which have a sonature
comparable to Mat of modern islanc a'c tholein
les ;IAT). such as low contents of mos: nigh freld
strength elements and a high ThirTa rato.

The acidic effusive rocks are cieocnemically
rdentical to the larde tonalitic intrusions and
dyKes. and represent a consangurneous suite of
acuito rnelts which were erupted subseauent to
the IAT-type volcanic period and at rritervals
during deposition of the tuffitic seauence. The
rocks are very low in potassium and otner large-
ronic lithophile elements (LILE). a feature which
must be larciely primary since the LILE contents
are undormly low in the volcanic as wen as in the
varrous intrusive equivalents. They classify as
low-K rhyolitic melts, and are very simita- to aci-
dic rocks formed in nascent back-arc oasins in
the Izu-Ogasawara arc (Ikeda & Yuasa 1989).
Ther low content of Incompatible trace elements
and distinctive REE pattern (Fig. 2) argue strong-
ly aciarnsta derivation from the basaltic maamas
by crystal fractionation; an origin by partral mel-
tino of basahic material under hydrous conditrons
(Heli: 1976) is more likely.

A third group of basaltic lavas occurs above

the first acidic voicanites and is seernincry pene-




conternporaneous with. or succeeded bv. low-K

rhyolitt magmatisrn recorded by local tufts within

the volcaniclaslic sequence. These basalts are

characterised by very strong HFSE-oepetton but

with an 'arc-type ThrTa signature sirntar to that

of the preceding basall types. The REE oattern

(Figi28) of these depleted IAT-type oasalts ts

distindtly different from that of the uncerlying
• IAT-type basalts. denoting thal they reoresent
different parent magrnas and are not reated oy
crystal fractionation processes.

Conclusions
Preirrntnary interpretations of data from the
Meråker area incircate the following secuentral
deverooment of the Fundsio Group. scnematical-
ly illustrated in Fig. 3:

Accurnulation of a thick submarine seduence
of MOREt-like basalts, followed by deposaion of
ferruornous cherty sediments.

Contrnued basaltic submarine voicantsm of
IAT-type cornposition.

Introduction of large volumes of low-K rnyolittc
melts to the basaltic crust in local intrusive cen-
tres, generated by panial melting of hyarated

basic crust at deeper levels.
Uplift of oceanic crust related to the acidic

Intrusions, locally to subaenal levels wrth expo-
sure of older basaltic matenal to erosion proces-
ses.
5 Eruptron c1 low-K rnvolitio melts and deoosw-
on at water-larn tufis ano possibly frows
6 Convecnve hyarotnermal activity in the crust

induced and dnven by heat from the acidic Intru-
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the ascending hydrothermal solutions at the sea-
floor. VMS formation largely controlled by, and
confined to subaqueous regions around acidic
magrnatic centres, leading to the observed clus-
tering of deposits in a segment of the Fundsje
Grouo where the tuflific sequence wedges out
northwards towards a supposed acidic intrusive
centre Isee also Fig. 1).

Erosion of basic and acidic volcanic rnatenal
from subaenal regions with deposition of mixed
tuff ites in oartly euxinic basins between the aci-
dic centres.

Local eruptions of depleted IAT basalts. and
waning acidic volcanism and VMS-forming
nyerothermal activity, contemporaneous with
connnued deposition of tuftites.

No sign of the vast. arc- or back-arc type mag-
matism of the Fundsjo Group is seen in the
adioming Gula Group. mdicating that a maior tec-
tonic break exists between the two. It is likely
Mat the Fundsjo and Gula complexes were
amaloamated pnor to an early tectonic event,
orobaoly in Early Ordovician times, since they
both suffered a sirnilar type of isaclinal folding
onor to deposition of the overlying sediments of
the Sulamo Group.
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Pr.nr. Cu Zn Pb Ag Au Co As Cd




KONGENS rnassivmalm

omv. grst.
8899001101 342


808
>10000

613
876

10
4.0
0.1

0.024

0.002

84 35
11 2

198
1

34.55
1 29

KONGENS




KONGENS

KONGENS

omv. grst.
massivmalm

89012

89013

1243
25109 6160919

7
8

0.3

8.2

0.003

0.033

	

7 2

	

72 5
1

4

2.64
26.42




KONGENS 1 - lys omvib.a. 89014 605 57 2 0.2 0.002 44 7 1 4.34




KONGENS massivmalrn 89015 7585 13792 20 2.3 0.045 26 5 30 21.11




KONGENS sarnpleprøve massivmalm 93019 14172 50355 35 5.6 0.080 70 5 169




KONGENS - massairnalrn 9302 12575 869 5 4.8 0.011 88 2 2




KONGENS massivmalm 93021 20185 >10000 91 10.8 0.112 32 12 587




KONGENS massivmalm 93022 1151 >10000 526 4.8 0.093 24 2 687




GML. MANNFJELL massivrnalm 1022 40075 1724 76 20.9 0.316 221 14 1 36.64




GML. MANNFJELL massivrnalm 1023 9346 3094 58 9.2 0.087 121 6 6 36.92




i GML. MANNFJELL massivmalm 89007 12771 1763 61 8.8 0.145 25 27 4 25.95




GML. MANNFUELL
•

lys omv.b.a. 89008 976 5139 2 0.2 0.006 19 2 15 3 18




GML. MANNFJELL qtz-sulfid 89009 356 82 4 0.2 0.003 14 2 1 0 602




SKJERP SØ FOR MANNFJELLGRUVA
MANNFJELL

omv. grst. med dissem, _
omv. grst.

-^ 9301
89001

5619
46

3846
66

5

2

1.8
0.1

	

0.038 267

	

0.002 12
17
2

11

1 049




MANNFJELL qtz-ser-py 89002 184 4000 134 0.6 0.012 3 47 10 4 98




MANNFJELL massivmalm - 89003 - 3619 82819 425 26.8 2.657 20 121 305 32 15




MANNFJELL. massivmalrn 89004 10156 83273 1674 25.8 0.482 12 82 236 25 55




MANNFJELL grovk. qtz-sulfid 89005 15689 1742 47 10.6 0.133 11 30 6 7.73




-MANNFJELL massivmalm 89006 1949 9183 307 11.8 0.230 22 123 24 29 40




a MANNFJELL • ' massivmalm 93058 6610 >10000 1227 18.5 0.380 26 98 1133





MANNFJELL massivmalm 93059 6479 19218 842 11.7 0.292 16 75 71





MANNFJELL massivmalrn 9306 15182 >10000 116 14.6 0.215 14 153 695





MANNFJELL massivmalm 93061 17408 24009 65 20.3 0.323 13 103 69





MANNFJELL massivmalrn 93062 6062 3192. 82 8.6 0.203 29 51 14





MANNFJELL ,qtz-sulfid, "knadd" malm 93063 33425 160241 300. 66.3 1.083 2 5 50





MANNFJELL 1q1z-sulfid, "knadd" malm 93064 16468 97892 76 1 35.4 0.714 38 48 307




4




BEKK NORD FOR MANNFJELLGRUVA 5-10cm massivmalrn_ 93008 3164 10930 88 157.2 3.745 7 24 43





LØVLIBEKK sulfidårer 89039 26399 1802 32 17.1 1.304 25 2, 19 26 70




LØVLIBEKK sulfidholdig keratofyr 89040 10786 670 5 6.8 0.399 6 5' 7 4.93




s LØVLIBEKK
LØVLIBEKk

_ grovk. qtz-sulfid 89041

93003

8884
53254

- 578

4506

14
2

4.4
31.5

0.873

1.960

4
22

2'
2

5
59'

1.18sulfidårer




LØVLIBEKK sulfidårer 93004 19827 1882 10 22.1 0.854 23 7 22:





LØVL IBEKK omv. grst: _

.
93017 99 180 33 1.7 0.047 25 24 1:





ØYTRØ massivmalm 89029 11719 89532 3943 98.0 1.591 11 2436 239 34 35




S ØYTRØ sulfid-qtz b.a. 89031 497 37521 2253 18.5 0.503 15 4305 82 1 15 05




ØYTRØ båndet qtz-cc-sulfid 89032 3171 64610 309 40.3 1.321 6 2868 175 6 22




ØYTRØ samle røve massivmalm 93036 98261 >10000 3695 89.5 1.868 13 3051; 206






• •



-i - Pr.nr. Cu Zn Pb Ag Au Co As' Cd S




ØYTRØ ._. massivmalm 9304 17437 96579 25 27.2 0.203 15 11. ' 226.




ØYTRØ massivmalm 93041 3441 >10000 593 37.6 1.901 6 4204 6081'




ØYTRØ rnassivmalm 93042 10489 >10000 3057 59.1 .0.954
_ 16 826... 299




ØYTRØ massivmalm




93043 15319 94564 3237 117.0 -P 2:135. . 11 .1635_ _ . 236




TORSBJØRK massivmalm




89016 13904 	 564 36 6.5 0.016 74 4 3 31 05




TORSBJØRK massivmalm 89017 65997 6120 21 30.9 0.242 292 21 32 34 42




TORSBJØRK omv. grst. 89018 136 341 7 0.1 0.001 18 4 1 1.06




TORSBJØRK grovk. qtz _ .. 89019 __ 377.. . 3107 5 0.2 0.001 3 4 13 0.34TORSBJØRK cc-sulfidårer




89020 682 1137 38 0.5 0.002 19 21 4! 5 05




TORSBJØRK båndet malm 89021 18170 2861 24 7.5 0.030 58 98 131 14 75




TORSBJØRK rnassivmalm 89022 20612 25846 238 9.1 0.025 46 40 108. 35.71




GML FONNFJELL massivmalm 89035 30643 39285 148 13.6 0.230' 81 8 115,i 30 75




GML. FONNFJELL rnassivmalm 89036 - 973 >10000 90 0.2 0.048 4 p14 1012, 30 45




GML. FONNFJELL cc-s If'd 89037 4523 17850 47 1.7 0.033 1 7 53 2.52
7 GML. FONNFJELL grønnskifer




33 40997 15 1.6 0.039 17 7 132 10 10




GML. FONNFJELL - massivmalm 93051 15655 8949 123 6.6 0.193 2 15 31




GML. FONNFJELL massivmalm 93052




>10000 486 5.0 0.075 9 6 1220




GML. FONNFJELL massivmalm 93053 24064 >10000 11 11.7 0.393 17 10 680




FONNFJELL (SYNKEN) grønnskifer 89042 72 29 4 0.1 0.010 5 2 1 1.49




FONNFJELL (SYNKEN) lys omv.b.a. 89043 143 300 6 0.1 0.278 25 5 1 2.66




FONNEJELL (MIDTSTOLLEN) tett diss. 89053 30243 >10000 5 7.7 0.235 8 20 785 36 60




FONNFJELL (MIDTSTOLLEN) massivmalm 89054 55707 13970 22 15 5 0205. 7 4 45 30 75




FONNFJELL (MIDTSTOLLEN) lys omv.b.a. 89055 119 1440 5 0.1 0.011 4, 5 6 1.04




FONNFJELL (MIDTSTOLLEN) grovk. qtz-cc-sulfid 89056 13966 7804 14 5.1 0.579 1 2' 48 2 93




NYE FONNFJELL massivmalm 89023 314 391 33 0.7 0.046 80 4 1 27 10
10

NYE FONNFJELL

NYE FONNFJELL

omv. grønnskifer, liggen
tuffitt(?) hengen

89024

89025

72

38

271
120

8

2

0.1

0 1

0.005

0.003

21
5

	

6. 1 3.50

	

3, 1 0 74




NYE FONNFJELL
SKRØYDALEN

grovk. qtz
suIfidårer.

89026

89050

51
11080

69
344

2
6

0.1

1.6

0.002

0.054

2
141

	

3 1
i

	

10 2
0.11

29.30




SKRØYDALEN sulfidårer 89051 16385 3131 17 6.1 0.483 435 25 8 24.60




SKRØYDALEN lys omv.b.a. 89052 90 22 2 0.1 0.012 13 4 1 3.96




SKRØYDALEN samleprøve sulfidårer/dissem. 93029 13120 1461 8 4.0 0.067 289 14 2




SKRØYDALEN omv. grst. med tett dissem. 9303 19318 2120 14 7.5 0.346 385 12 7




SKRØYDALEN sulfidårer 93031 10914 1298 4 5.2 0.032 287 12 6'




KROGSTADAA sulfidholdig cc-klorittskifer 90128 397 838 4 0.4 0.003 41 5 2 2.00




KROGSTADAA båndet malm/klorittskifer 90129 13118 >10000 746 17.4 0.336 31 25 498 6 40




KROGSTADM sulfldholchg Cc-klOrIttskIlei -_ _ - 901 50103. >10000. _. 78 57.0 0.099 23 5 755 20 10




KROGSTADAA samle røve 90131 22550 87024 184 24.3 0.098 30 21 386 16.80
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