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A combined geological, geophysical and geochemical exploration project aimed at finding new ore reserves in

the vicinity of the Bleikvassli mine, Nordland county was initiated by NGU in 1993. This report describes a
regional soil (c-horizon/weathered material) geochemical survey carried out as part of this project. An area of
800 sq.km was sampled at a density of 1 sample site per square kilometer. The samples were analysed for the
HNO;-extractable amounts of Ba, Be, Ca, Ce, Cd, Co, Cr, Cu, Fe, K, La, Li, Mg, Mn, Mo, Ni, P, Pb, S, Sc, Sr,
Ti, V, Zn, Zr, Y, the total amounts of C (Leco), S (Leco), Au (fire assay) and the grain size (sieving).

The single-element symbol maps showed several anomalous areas and detailed sampling of the three most
interesting areas was carried out in 1994 - 1995. These investigations are described in NGU Report 95.156, but
the results are also considered in this report and evaluated together with the other anomalous areas within the
Bleikvassli area. The need for further investigations is discussed.
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1 INTRODUCTION

A combined geological, geophysical and geochemical exploration project aimed at finding new ore
reserves in the vicinity of the Bleikvassli mine, Nordland county, was initiated by NGU in 1993.
This report describes a regional soil geochemical survey of the area, including more detailed
investigations in two smaller areas - one in the immediate vicinity of the Bleikvassli orebody and a
second in an area south of the lake of Grasvatnet. The sampling was carried out in 1993 - 1994 and
was designed to provide information on unknown and unexposed mineralization. A description of
the use of the geochemical pattern characterising the Bleikvassli deposit as an aid to recognising
new deposits is given. Consideration is given to all anomalous distributions of economic elements
within the study area. The bedrock geology in this report is taken from NGU Report 95.153.

Detailed sampling of the most interesting areas was carried out in 1994 - 1995. These investigations
are described in NGU Report 95.156 - Soil geochemistry of the Bleikvassli area (Status Report No.
2). Detailed investigations of the Hallvarddalen, Artfjellet and Kjennsvatnet areas. However, the
results are also considered in this report and evaluated together with the other anomalous areas
within the Bleikvassli area. The need for further investigations is discussed.

2 DESCRIPTION OF THE SURVEY AREA

The survey area is situated about 40 km south of Mo i Rana in the county of Nordland (Appendix
1). The northern limit of the area is defined by a line from Korgenfjellet to Grasfjellet whilst the
southern limit is defined by the lake of Rasssvatnet. The total area is about 1200 sq. km but lakes,
glaciers and Alpine topography reduce the area available for soil sampling to about 750 sq. km. The
altitude within the survey area varies from close to sea level in the north-west to over 1900 metres
a.s.1. in the east. Most of the area is above the tree line (500 - 600 m a.s.L.).

Bleikvassli mine is located on the lower western slope of the Kongsfjellet mountain. The orebody is
a stratiform, elongated plate consisting mainly of pyrite, some pyrrhotite and minerals of zin, silver,
lead, gold and copper. Along the strike, the ore outcrop has a length of about 400 m, a maximum
width of about 12 - 13 m and covers a total area of approximately 3100 sq. m. This part of the
orebody contains about 5 % Zn, 4 % Pb, 0.3 % Cu, 47 ppm Ag, 235 ppb Au and 36-42 % S.



3 PREVIOUS WORK

During the last 30 years three different types of geochemical surveys have been carried out in the
vicinity of the Bleikvassli mine. A brief description of these is given below.

1965, 1969 -70 and 1981 -82. Stream sediment surveys.

These surveys were carried out by a mining company in a 3000 sq. km area extending from
Hattfjelldal (60 km south of Bleikvassli) to Dunderlandsdalen (70 km north of Bleikvassli)(Hultin
1980, Kruse 1986). About 200 sq. km of the area lies between the lakes of Ressvatnet and
Grasvatnet i.e. within the borders of the present survey. The sample density varied between 1 - 3
samples pr sq. km. The -0.18 mm grain fraction was analysed. The analytical method used was
changed during the sampling period from the colorimetric cold extractable method (Bloom test,
Carney and Hawkins test) to atomic absorption spectrometry (AAS) and inductively coupled
plasma atomic emission spectrometry (ICP-AES). The earlier geochemical maps of the Rassvatnet -
Grasvatnet area show no additional anomalies compared with maps of this study and for this reason
they are not included in this report.

1985. Rana soil and stream sediment survey.

This survey was carried out as a co-operation between Nordland county and NGU (Krog et al.
1986). An area of 4300 sq. km was sampled extending from Ressvatnet in the south to
Dunderlandsdalen in the north, including the entire area of the present survey. The sample site
density was one site pr 10 sq. km and 112 samples were taken from within the present survey area.
At each site one soil sample and one stream sediment sample were collected. The soil sample was
taken at a depth of 0.4 m. The -0.18 mm fraction of both types of samples were analysed for 29
elements using ICP-AES after leaching in 7N HNO; for 3 hours at 110 °C. The analysed fraction (-
0.18 mm) is coarser and usually shows lower analytical values than the -0.06 mm fraction analysed
during the 1993 survey (Appendix 7). This must be kept in mind when comparing the maps
produced during this study and the Pb-, Zn- and Cu-maps of the 1985 soil and stream sediment
survey (Appendix 39-45).

1986. Nordland - Troms soil and stream sediment survey.

This survey was carried out by NGU and was similar to the 1985 survey (Kjeldsen et al 1987).
However, the sample site density is lower (one sample site pr 40 sq. km) and the analysed fraction is
finer (-0.06 mm) compared with the 1985 survey. However, the analysed soil fraction is similar to
that of the 1993 survey and the analytical values of the 1986 and 1993 soil fractions are therefore
comparable. Three maps showing the Pb, Zn and Cu concentrations for the 17 soil samples of the
1986 survey taken within the area covered by the 1993 survey are included in this report (Appendix
46-48). The stream sediment values from the same sampling sites are very low and are not included
in this report.




4 QUATERNARY GEOLOGY OF THE AREA

Detailed Quaternary geological maps covering the Bleikvassli area have not yet been published but
during the present survey preliminary maps were prepared by Lars Olsen (NGU). The following
description of the Quaternary geology is primarily based on these maps.

Large parts of the area are dominated by exposed bedrock (at least 50 % visible bedrock).
Particularly this is the case in much of the area above approximately 600 m a.s.l. in the areas of the
Okstindbreen glacier, the Kongsfjellet mountain, Lifjellet (south of Kongsdalen) and the Tverrfjellet
and Stolpfjellet mountain areas north of Leirskarddalen. There are also a large number of smaller
areas with exposed bedrock.

A thin cover of till and peat (i.e.<0.5 m thick) is the most common type of superficial deposit within
the survey area. Only in the areas around Leirskarddalen in the north and in the valleys of
Spjeltfjelldalen and Bessederdalen in the east are there extensive areas with a relatively thick
continuous cover of till. Talus and scree material of varying thickness are common at the foot of
many of the steep slopes. Weathered material covering an area of a few sq.km are found at several
locations, especially in areas with calcareous bedrock (Anders Larsa Group). At the bottom of the
Kongsdalen, Rossdga and Leirskarddalen valleys, glacio-fluvial and fluvial sediments have been
deposited. Extensive areas of bog have developed on the top of sediments in the flat-lying bottom
of the Kongsdalen valley. Flat-lying areas of bogs are also found in the Spjeltfjelldalen valley and in
the Fagerlidalen valley, between Leirskarddalen and Bryggfjelldalen.

Marine deposits are found in the lower reaches (below 120 m a.s.l.) of the Rességa and
Leirskarddalen valleys. Most of the superficial sediments were deposited during a period of
deglaciation about 9 500 years ago. The oldest ice movement in the vicinity of Bleikvassli was
directed towards the north-west (Appendix 2), but the direction later changed towards the north
and north-east. More recent directions of the ice movements were affected by the local topography.
The transport distance of the till is uncertain. An ore-bearing boulder, assumed to be from the
Bleikvassli orebody, was found at Storholmen, ca. 3 km NNE of the outcrop, but much of the till is
believed to have a more local origin. In areas with thick till deposits, however, the transport distance
of till material is assumed to be significantly greater than 3 km, and maybe even greater than 10 km.



5  METHODS

5.1 Sampling

The UTM-grid of the NGO Series M 711 (Scale 1:50 000) topographic maps was used as a
sampling grid, giving a 1 km sample spacing. The regional soil samples collected in 1993 - 1994 and
the follow-up samples collected in 1994, were taken with a spade from a depth of 0.4 m or, if the
soil was of insufficient thickness, at the base of the soil, as close to the bedrock as possible. The
follow-up sampling in 1995 was undertaken using a hand auger from the base of the soil or at a
maximum depth of 1.3 m. The term «soil», as used in this report, includes both organic soil and
inorganic overburden. Soil samples are normally taken in the c-horizon. In much of the sampling
area, however, a c-horizon was not present and the samples are thus largely taken from the B-
horizon. Only soil consisting of till and weathered material was sampled. Humus, peat, marine
deposits, fluvial or glacio-fluvial sediments were not taken. Area contaminated by mining, roads,
agriculture or other human activity were also avoided. During 1993, 1994 and 1995, the total
numbers of samples collected were 677, 146 and 401 respectively, giving an overall total of 1383
samples. The sample weight was 1 kg in 1993 - 94 and 0.1 kg when using the auger in 1995,
Sample bags were made of high wet-strength paper and special waterproof adhesives. The
equipment was free from heavy metal contamination.

5.2 Sample preparation and analytical methods

The samples were dried at about 40°C for 2-3 weeks. The fractions passing through 0.25 mm and
0.06 mm nylon screens were weighed. The -0.06 mm fraction of the samples (including reference
samples) were analysed after having been numbered in a random order. The following analytical
methods and laboratories were used:

ICP-AES. NGU. Determination of 31 elements. Solid samples were analysed using a Thermo Jarrel
Ash ICP 61 after partial extraction with 7 N HNO; according to NS 4770.

Total carbon C (TC). NGU. Total carbon was determined using a Leco furnace, type SC-444
(combustion of carbon in an oxygen environment, followed by detection of CO, in an IR cell). Only
the samples collected in 1993 were analysed for C.

Total sulphur S (T'S). NGU. Total sulphur was determined using a Leco furnace, type SC-444
(combustion or sulphur in an oxygen environment, followed by detection of SO, in an IR cell). Only
the samples collected in 1993 were analysed for S.




Gold (Au). ACME. Analytical laboratories LTD.
20 gram sample, fire assay and analysis by ICP/graphite furnace. Only the samples collected in 1993
and 1994 were analysed for Au.

Partly determination of grain size (Fines). NGU. Sieving and weighing of the fractions (-0.25 mm
+0.06 mm) and (-0.06 mm). Fines = -0.06 mm x 100% / (-0.25 mm + 0.06 mm).

A proportion of the samples collected in 1993 and 1994 (but not those sampled in 1995) were
analysed for grain size.

6  RESULTS

6.1 Tables

The analytical results, field numbers and UTM co-ordinates from all studies including the detailed
sampling around the Bleikvassli orebody and the anomalous Grasvatnet area are listed using UTM

co-ordinates for easy identification of plotted values (Appendix 49). Minimum, maximum,
arithmetic average and standard deviation of the 34 variables are listed (Appendix 3).

6.2 Frequency distribution

Histograms, density traces, scatterplots and boxplots are shown for 24 elements in Appendix 4 and
4B.

6.3 Correlation matrix and regression analysis

The values of the 34 variables were log-transformed before the correlation matrix (Appendix 5) was
calculated. A regression analysis is shown in Appendix 6 .

6.4 The influence of grain size on element concentration

The influence of grain size on the concentrations of the elements Cu, Zn, Pb, Ca, and La was tested
on 14 samples (Appendix 7). On an average the 14 samples showed 25 - 30 % higher values in the
fine fraction (-0.06 mm) than in the coarse fraction (-0.25 mm + 0.06 mm). The correlation matrix

(Appendix 5, variable FINES) and regression analyses (Appendix 6) show a slight opposite effect.
This implies that the element contents and probably also the grain distribution within the selected
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analytical fraction (-0.06 mm) are relatively independent of the amount of coarser fraction in the
sample. The slight negative correlation with fines for almost all elements may be due to a bias
caused by the special conditions in Leirskarddalen, where the samples are typically coarse-grained
and the analytical values high (Chapter 7.1).

6.5 Geochemical maps

Appendix 9-48 contain regional geochemical maps at a scale of 1:200 000 for the following
elements: Pb, Zn, Cu, Au, Ba, Be, C, Ca, Cd, Ce, Co, Cr, Fe, Fines, K, La, Li, Mg, Mn, Mo, Nj, P,
S, Sc, Sr, Ti, V, Zr, Y and two additional maps for the Bleikvassli and Grasvatnet areas. The
regional maps are produced as single-element maps using a series of symbols for different ranges of
analytical values based on the following percentiles: 25, 50, 75, 95, 98 and 99 %. However, the
symbol values used for Cd and Au are different as these elements are present in much lower
concentrations. Five element maps are not plotted as Ag and B have no values above the detection
limit and because only a very small proportion of the total content of Si, Al and Na is extractable
with 7 N HNO; according to NS4770. The maps showing the results of the detailed sampling
around the Bleikvassli orebody and the anomalous area of Grasvatnet use the same values of the
symbols as the regional maps (Appendix 38 and 39).

6.6 The fingerprints of maximum soil values
Maximum values of all elements within each anomalous area (Appendix2) are shown for
comparison in Appendix 8.

6.7 Repeatability of the results

Using reference samples and re-analysed samples, the repeatability of the analytical determinations
was found to be better than +/- 10 % at the 95 % confidence level.

The field assistants had not been trained in mapping and it is therefore assumed that the repeatability
of the co-ordinates of the sampling sites was no better than +/- 100 m.

The repeatability (including re-sampling and re-analysis) of an analytical value on re-sampling at a

100 m interval in the background area in the southern part of Artfjellet is assumed to be
approximately +/- 30 to 40 %.
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7  DISCUSSION
7.1 Character and composition of the sample medium

The grain size distribution of the samples (Appendix 22) is variable across the study area. A large
area in Leirskarddalen in the north has relatively coarse-grained samples whilst the samples are more
fine-grained in the area west of the Ressaga river. The coarse-grained nature of the Leirskarddalen
samples may be due to the particular genesis or the general lithology of the superficial deposits, but
the influence of more localised physical conditions is possible. Many of the sites are situated at the
foot of smooth mountain walls, with an inclination of 45 degrees or steeper, and an elevation
between 100 to 1000 m a.s.l. Large flat-lying catchment areas at the top of the mountains,
combined with a mean annual precipitation of 1500 - 2000 mm, produce large amounts of
meltwater which flow downhill in the spring and wash out fine-grained material from the deposits at
the foot of the walls. The coarse-grained samples from the Dalbygda valley (Bryggfjelldalen),
parallel to Leirskarddalen, and from the Kongsdalen valley (south of Bleikvassli) may be subject to a
similar process.

The physical conditions in the Leirskarddalen valley may also have affected the element distribution
in the soil. Despite the fact that the analysis of coarse-grained material generally gives lower values
(Chapter 6.4 Appendix 7), the coarse-grained samples from Leirskarddalen contain anomalously
high concentrations of almost all elements. This is assumed to be due to a nearby barren calcareous
rock unit producing high background levels of many trace elements (Chapter 7.3). In addition, when
acidic water containing elements in solution flows down from the soil at the top of the mountain
walls, the water will get oxidised and neutralised resulting in the precipitation of certain elements on
the soil at the bottom of the slope. The carbonate-rich superficial deposits and bedrock in the valley
may accelerate this precipitation by neutralising the acidic water in a similar manner.

The fine-grained nature of the material west of the Rességa river (Appendix 22) may be due to the
thick vegetation (across the extensive areas of calcareous bedrock) and the flat-lying landscape
which reduces outwash and traps the fine-grained material washed downslope from above the tree
line in the west.

The organic content of the samples. The analyses of total carbon C (TC) include carbon in graphite,
carbonates and organic material (Appendix 15). Most of the samples have less than 10 % C and,
according to the correlation matrix (Appendix 5), the amount of C is not much related to the
concentrations of the other elements, with the exception of S-C (r=0.66). The maps of C and S
(Appendix 15 and 31) show that many of the highest S-values probably do not originate from
sulphide minerals from an orebody but occur together with deposits of organic material or graphite.
In addition the regression analyses suggest that the highest Pb-values correspond with high C-
values.
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7.2 The distribution of ore elements in soil and sediment samples

Lead (Pb, Appendix 9) shows a few high values in samples taken from the Kongsfjell Group, which
contains the Bleikvassli orebody. A sample containing 115 ppm Pb close to Grasvatnet in the north-
east was followed up with 15 additional soil samples (Appendix 39) and is reported later in this
chapter. Two samples taken south of the Bleikvassli mine, containing 157 and 64 ppm Pb, are
assumed to be contaminated by the prospecting activity linked to known mineraliztation at
Kongsfjellet . A similar explanation is likely for a sample containing 83 ppm Pb from the 1985 Rana
soil survey (Appendix 40). One sample, close to the Halvarddalen valley a little further to the east,
contained 104 ppm Pb but was not resampled. The other values above 60 ppm Pb are assumed to
come from samples within the Anders Larsa Group/Lifjell Unit. One sample containing 150 ppm Pb
in the south-east of the study area at Artfjellet was followed up with detailed soil sampling and is
described in the follow-up report. The regional mapping did not show any high Pb-values or any
other high values in the immediate vicinity of the Bleikvassli orebody. In order to determine whether
there is an anomalous pattern around the orebody, 28 samples were collected north-east, north and
north-west of the orebody. The new samples gave 3 values around 50 ppm Pb at a distance of 100
to 300 m from the ore body (Appendix 38). In addition, 3 values of 60-70 ppm Pb, situated 1 - 1.5
km north-west of the outcrop of the Anders Larsa Group, may be due to ice-transported material
from the ore. The area west and south-west of the orebody was not sampled in detail as it is
contaminated by the mining activity. The samples taken at a distance of 100 - 300 m from the ore
body have higher concentrations of Pb, Zn, Cu, Au, Zr and Sr. The samples from the Anders Larsa
Group taken 1 - 1.5 km north-west of the orebody have higher concentrations of these 6 elements
and, in addition, high concentrations of Be, Ca, Co, Fe, La, Li, Mg, Mn, Nji, Sc and Y.

Lead is only weakly correlated with a few elements (Appendix 5): C, Fe, Zr and Be (r=about 0.22,
significance level better than 0.01), but the correlation factors seem to be principally due to outliers
of the high Pb-values (Appendix 6).

Zinc (Zn, Appendix 10) shows 3 samples taken from the Kongsfjell Group with concentrations
above 200 ppm. Two of these are assumed to be contaminated by the prospecting activity of the
known mineralization at Kongsfjellet (953 and 500 ppm). One sample within the Hallvarddalen area
on the boundary between the Kongsfjell Group and the Anders Larsa Group contains 220 ppm Zn
and was followed up. A sample from the 1985 Rana soil sampling program (Appendix 41)
containing 198 ppm is assumed to be contaminated by the mineralization at Kongsfjellet. One
sample taken from Artfjellet (Lifjell Unit) containing 400 ppm was followed up, whilst a sample
from Lifjellet (Lifjell Unit) in the south was not. In Leirskarddalen, within the Kongsfjell Group or
the Mélvatnet Unit, is a large Zn anomaly (but no Pb anomaly) which was not followed up. Detailed
sampling around the Bleikvassli orebody gave results similar to those of Pb. Zn shows correlations
with most other element (Appendix 5).
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Copper (Cu, Appendix 11) shows 4 samples taken from the Kongsfjell Group with concentrations
higher than 180 ppm. One sample from Grasvatnet (400 ppm) was followed up with about 15 new
samples. Two samples from the south-western part of Kongsfjellet are assumed to be contaminated
by mineralization (580 and 3200 ppm), whilst a sample taken on the south side of the lake of
Bleikvatnet (500 ppm) was taken from an area where sulphide minerals have been observed in the
bedrock. One sample from the 1986 Nordland soil survey (226 ppm) originates from a glacio-fluvial
deposit in Kongsdalen (Appendix 48) and was not followed up. One sample from Artfjellet (Lifjell
Unit) containing 234 ppm was followed up with about 200 new samples. One sample from the
Hallvarddalen area (240 ppm) within the Anders Larsa Group was also followed up. Copper is
similar to Zn in that it gives a large anomaly in the Leirskarddalen area. However, these anomalies
were not followed up. Detailed sampling around the Bleikvassli orebody gave results similar to
those of Pb and Zn. Copper, like Zn, is correlated with many other elements (Appendix 5).

Gold (Au, Appendix 12) shows 5 samples taken from the Kongsfjell Group with concentrations
above 17 ppb. Two of these come from different areas at Grasvatnet (26 and 59 ppb). One of these
samples was followed up. Three samples were taken from the area south of the Bleikvassli orebody
but none of them were followed up. One of the samples was taken from a site 1 km south-east of
the outcrop and at an altitude 100 m higher and is therefore unlikely to have been affected by the
Bleikvassli orebody. The Au analyses from the detailed sampling around the orebody gave results
similar to those of Pb, Zn and Cu. Within the Anders Larsa Group, one sample from the
Hallvarddalen area was followed up. Au is not correlated with any of the other elements
(Appendix 5).

73 Anomalous areas

The lack of anomalous samples from the regional sampling around the Bleikvassli orebody made it
impossible to use the pattern around the orebody as a "key" to locating unknown mineralization.
For this reason, detailed sampling in the immediate vicinity of the outcrop was undertaken. The
maximum analytical values of 25 elements of both new and old samples within a radius of 1.5 km
from the outcrop were plotted on a diagram. These values were calculated as a percentage of the
median of the corresponding element in the regional samples. The elements were ranked in a
decreasing order to form an easily recognisable triangle to act as a "fingerprint" of the Bleikvassli
orebody (Appendix 8). Using the same procedure and the same element series for the other areas
(including both the regional samples and the follow-up samples in NGU Report 95.156) an attempt
was made to determine whether any of the other areas have a pattern similar to that of the
Bleikvassli area. However, none of the other diagrams have a similar appearance. This may either be
due to the fact that none of the other areas contain an orebody and/or because the "fingerprints"
only are representative for the Bleikvassli orebody.
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The "fingerprint" of the area around the Bleikvassli orebody includes values from two different
types of anomalies (Appendix 38): One low-contrast anomaly of Pb, Zn, Cu, Au and Zr, situated
within the Kongsfjell Group 100 - 300 m from the outcrop, is probably a clastic type of anomaly
without high values of Ca, Fe or Mn. A second high-contrast anomaly is located 1 - 1.5 km north-
west of the outcrop within the carbonate-rich Anders Larsa Group. This anomaly is probably
strongly affected by the carbonate-rich bedrock and includes Ca, Fe, Mn, Mg, Be, La, Sc, Srand Y
in addition to the elements of the first anomaly. The "fingerprint" appears to be a random mixture of
these two anomalies and may not represent the typical pattern of an orebody from the Kongsfjell
Group.

The "fingerprint" of the Kongsfjell area is interpreted to consist of values from hydromorphic
anomalies produced by the weathering of known mineralization at higher altitudes. This pattern is
probably more typical of the outcrop of a sulphide orebody than the pattern of the area above the
Bleikvassli outcrop which was selected due to the contamination below the outcrop.

The "fingerprint" of the Leirskarddalen area is interpreted to have been affected by a barren
calcareous rock unit producing high background values of a large number of trace elements in
combination with hydromorphic anomalies due to oxidation, an affinity to Fe-Mn oxides and
precipitation in carbonate-rich environments as described earlier (Chapter 7.1). The anomalous
values were probably not caused by mineralization as a mineralization spread over such a large area
of exposed bedrock is unlikely to have remained undiscovered for so long.

The bedrock mapping above the upper part of the Leirskarddalen valley, north of the Okstindene
glacier (about UTM 459 7321 to UTM 472 7325) showed the presence of large areas of rust-
bearing schists close to the contact between carbonate-rich lithologies and the garnet mica schist.
The rusty appearance is due to small amounts of sulfides but other chemical compounds may also
be deposited at this contact. No analysis has been made of this rust-bearing schist but it must be
regarded as a potential source for many of the anomalous values in the Leirskarddalen area.

As in Leirskarddalen, the "fingerprint" of the Artfjellet area is assumed to be due to a barren
calcareous rock unit containing high back-ground values of a large number of trace elements in
combination with hydromorphic anomalies probably caused by the drainage of sulphide-bearing
graphite schists and the strong affinity between Pb, Zn, Cu and Fe-Mn oxides (see the follow-up
report). The patterns of Leirskarddalen and Artfjellet are very similar.

The "fingerprint" of the Hallvarddalen area is assumed to be due to at least two rock units (see the
follow-up report). In the western part of the area, high values are interpreted to be due to a barren
marble unit containing high back-ground values of a large number of trace elements and possible
contamination from human activity. In the eastern part of the area, 4 - 5 samples containing
anomalous values of Pb (467, 114 and 103 ppm), Zn (220 ppm), Cu (232 ppm), Zr and Ce, are
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interpreted to be influenced by the mine sequence/amphibolite and may be due to mineralization.
This is described in more detail in the follow-up report.

The "fingerprint" of the Kjennsvatnet area has a different character. Here, the follow-up sampling of
the area was undertaken for geological reasons. During the geological mapping metallogenic
lithologies similar to those found in the Bleikvassli area were identified. The concentrations of Cr,
Ni, Mg and to some extent Co and Cu, indicate that the samples may be affected by material from
an ultramafic rock body within the Malvatnet Unit (see the follow-up report).

The "fingerprint" of the Grasvatnet area has an interesting pattern because of the high
concentrations of Au, Cu and Pb in comparison to the other elements. This area should be
investigated in more detail.

One single-point anomaly at Lifjellet contains 300 ppm Zn. The large sample spacing and the lack of
anomalies around the Bleikvassli orebody means that this site should be resampled with 10 - 20 new
samples.

8  CONCLUSIONS
The soil sample spacing of 1 km was not dense enough to find the Bleikvassli orebody.

Variations in grain size and organic content seem to have very little affect on the analytical
values.

Anomalous values in samples from the Kongsdalen area are interpreted to be due to known
mineralization.

A geologically interesting area at Kjennsvatnet with enhanced values of Cr, Ni, Mg Co and Cu is
assumed to contain material from an ultramafic body.

Anomalous values were found in samples from Leirskarddalen, Artfjellet, and the westem part of
the Hallvarddalen areas. These are interpreted to be due to barren rock units (including a sulphide-
bearing graphite schist at Artfjellet) containing high background values combined with oxidation, an
affinity to Fe-Mn oxides, precipitation in carbonate-rich environments and possible contamination
from human activity.
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Anomalous values from the eastern part of the Hallvarddalen area are interpreted to be influenced
by the mine sequence/amphibolite and may be due to mineralization. Follow-up sampling should be
undertaken.

The anomalous area of Grasvatnet and a single-point anomaly at Lifjell (300 ppm Zn) should both
be followed up.

9 FUTURE WORK

The requirement for further investigations within the survey area must be based on an assessment of
both geochemical, geophysical and geological results. However, an assessment of the further
investigations required based purely on the geochemical data obtained to date is given below.

The anomalous area of Grasvatnet is proposed for follow-up sampling in an east-west orientated
soil sampling grid of 800 m x 250 m, using a hand auger to sample the base of the soil. With a
recommended sample spacing of 50 m a total of approximately 100 samples is needed.

The eastern side of the Hallvarddalen area is also proposed for follow-up sampling with two
different soil sampling grids using a hand auger at the base of the soil. One grid, 600 m x 400 m,
should be situated close to the two samples containing 467 and 114 ppm Pb and parallel to the
strike. This sampling grid should have a sample spacing of 25 m, giving a total of 221 samples. A
second grid, 250 x 250 m, should be sited close to the sample containing 103 ppm Pb and parallel to
the topographic contours. A sample spacing of 50 m is recommended giving a total of 36 samples.

The single-point anomaly at Lifjellet is proposed for follow-up sampling. Soil samples should be
collected from the base of the soil on 3 traverses parallel to the topographic contours. The traverses
should each be 300 m long and 100 m apart, with a sample spacing of 50 m giving a total of 21
samples.
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Appendix: 3

STATISTICS OF ANALYTICAL VALUES OF REGIONAL SOIL SAMPLES

Values below the detection limit are set to detection limit.
For the relevant detection limits, see Appendix 49.

Unit Min Max Median  Average SD N
Pb ppm 5 157 12.77 15.27 13.22 746
Zn  ppm 3 954 60.98 64.59 50.39 746
Cu ppm 1 3206 33.62 46.37 123.36 746
Au ppb 1 90 2 3.32 5.69 746
Ag  ppm 1 1 1 1 0 746
Al % 0.147 6.6 2.41 2.40 0.82 746
B ppm 5 119 5 5.39 5.01 746
Ba  ppm 10 436 50.95 64.53 48.31 746
Be ppm 0 39 8.69 9.05 3.91 746
C % 0.02 37.8 3.54 433 3.63 746
Ca % 0.020 6.8 0.36 0.42 0.40 746
Cd ppm 1 2 1 1.00 0.05 746
Ce ppm 10 434 62.67 75.18 55.82 746
Co ppm 1 93 13.11 16.03 12.42 746
Cr ppm 1 173 45.35 50.50 25.22 746
Fe % 0.044 26.9 4.74 5.25 2.69 746
Fines % 7 97 33.33 35.37 13.97 746
K % 0.000 1.6 0.20 0.28 0.244 746
La ppm 1 287 20.31 25.51 23.92 746
Li ppm 1 75 18.38 20.45 11.67 746
Mg % 0.014 2.7 0.86 0.90 0.47 746
Mn % 0.001 0.9 0.03 0.05 0.07 746
Mo ppm 1 19 1.43 1.91 1.55 746
Na % 0.010 0.1 0.03 0.03 0.01 746
Ni ppm 2 205 28.81 33.91 26.33 746
P % 0.003 3.0 0.08 0.09 0.12 746
S % 0.00 04 0.02 0.04 0.04 746
Sc ppm 1 31 5.71 6.28 3.28 746
Si % 0.010 0.4 0.01 0.02 0.032 746
Sr ppm 2 880 15.84 18.55 33.56 746
Ti % 0.022 0.6 0.19 0.20 0.08 746
\Y% ppm 3 378 72.26 79.20 34.35 746
Zr ppm 1 45 9.57 11.18 6.51 746

Y ppm 1 260 13.09 16.63 16.63 746
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Histogram Density trace Scatterplot Boxplot
BLEIKVASSLI REGIONAL SOIL 1993
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Explanation of the BOXPLOT

MAXIMUM g 83 ppm

ca. 25 %

% MAX.fo UB

upper whisker (UW) >3
upper hinge (UH) 3.6 UH to MED:
ca. 25 %
MEDIAN 2.8 MED to LH:
lower hinge (LH) 24 ca.25%
LH to MIN:
ca. 25 % of
the data
lower whisker (LW) __ | 0.7
MINIMUM 0.5
As  (N=316)

Definitions: hinge spread (HS) = UH - LH
upper whisker = UH + 1.5 x HS
lower whisker = LH - 1.5 x HS

the whiskers are drawn at the last actual data point
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FINGERPRINTS OF MAXIMUM VALUES

BLEIKVASSLI

MnAuP Y CaSc StCuPblaZr NiCoK Zn LiMoMgCeBaFeBe Ti V Cr

LEIRSKARDDALEN

HALLVARDDALEN

B 4500 3600

MAuP Y CaSc StCuPbLlaZeNiCoK ZnLi M M CeBaFeBe TiV Cr
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