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Summary:

During field work in the summer and fall of 2013, mineral soil samples were collected in a grid of
6x6km in Nord-Trendelag and Ser-Trendelag’s municipalities of Trondheim and Malvik as well as on
the Fosen peninsula. Together with samples for quality control, the <2mm fraction of samples from 752
locations were digested by aqua regia and analyzed for 57 elements.

Results are documented with respect to quality of data and in tables of descriptive statistics, as well as
plots of the cumulative probability function and by single element maps on a backdrop of bedrock

geology.

A selection of anomalies are briefly described, both areas of no known mineralizations, as well as
anomalies of new elements in established ore-districts are covered.
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1. INTRODUCTION

The international “Nordkalotten” project 1980-84 (Bglviken et.al, 1986) pioneered low
sampling density multimedia geochemical mapping, covering the county of Finnmark in the
Norwegian part of the Finnish-Swedish-Norwegian area north of the Arctic Circle. A similar
approach was followed in 1986-87 in the adjacent counties Troms and Nordland. At that time,
sampling and analysis were performed on stream sediments, stream water and till with a
sampling density of 1 sample/40km”. Stream sediments were analysed using several
techniques: The fine fraction (<0.18mm) was analysed using XRF (Nass, 1988) as well as
NAA (Ekremsater, 1988) and HNO;-extraction (Krog, 1987). The heavy minerals of the
coarse fraction (> 0.18 mm) were analysed using XRF (Wolden, 1987). The till samples
(<0.06mm fraction) were analysed for HNO;-extractables (Kjeldsen, 1987) and for gold
(Kjeldsen and Ottesen, 1988). The only available material of till samples from Finnmark,
<0.06mm, was reanalyzed in 2011 using aqua regia extraction, resulting in data for some 60
elements (Reimann et.al, 2011). In much the same way, all till samples from Troms and
Nordland were also reanalyzed, except now the < 2mm fraction was used (Reimann et al.,
2011). In this report the survey covers the county of Nord-Trendelag and adjacent parts of
Ser-Trendelag county on the Fosen peninsula and the municipalities of Trondheim and
Malvik. This area was never mapped geochemically on a similar scale as the three
northernmost counties, using mineral soil as sampling medium. However, large parts of the
area (below the tree line in Nord-Trendelag county only) were sampled for organic soil
characterization in 1960, reported by Ryghaug (1980) and by Finne and Grenlie (1983). A
higher sampling density mapping of stream sediments (1 sample/3km?), covering Nord-
Trendelag and the Fosen peninsula, was carried out during the years 1983-1985 (Sether,
1987; Sand, 1987; Sather, 1988).

The survey constitutes the first part of an intended completion of a mineral soil geochemistry
map of Norway already started in North Norway, and is a part of NGU’s program MINS —
Mineral resources in South Norway.

2. DESCRIPTION OF SURVEY AREA

The prominent topographical features of the Trondheimsfjord's major part and its arm
Beitstadfjorden, as well as its continuation through the lake Snésavatnet are all strong
indicators of the geologic history of the area. The ENE to NE direction of these features
coincides with major strike and with fracture zones like the More-Trondelag Fault Zone
(Gabrielsen and Ramberg, 1979; Nasuti et al, 2010). Along the coast are gneisses of the
"Western Gneiss Region", 1850-1500 Myr, present to a varying extent, until they join similar
rocks of the Transscandinavian Intrusive Belt crossing from the coast SE-wards through
Lierne into Sweden (the "Grong culmination"). Most of the area, however, is covered by the
rocks of the Caledonian nappes. As seen from the records in the NGU ore database in Figure
1, ferrous metals dominate the precambrian rocks, whereas in the greenstones and schist of
the Caledonian nappes, the base metals are dominant. The mining intensity, measured as
number of records per area classified as "Mining" or Test mining" in the NGU ore database is
for Nord-Trendelag county 3.8/ 1000km?, whereas the values for Nordland, Troms and
Finnmark counties are 3.5, 3.4, and 1.0 respectively.
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and protected areas. GIS layers by NGU, the Directorate of Mining (Direktoratet for
Mineralforvaltning), and the Norwegian Environment Agency (Miljodirektoratet)

The quaternary deposits of the area are dominated by areas of thin, discontinuous till material,
interspersed with weathered rock of local origin. Figure 2 also shows areas of till, mostly
confined to lower altitudes in the mountain regions close to the Swedish border. Ice flow
direction during the last glaciations is determined to be towards W-NW in general (Bargel et
al, 1999)
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3. METHODS

3.1 Planning stage and field work

Aiming for a sampling density similar to the surveys of the three northernmost counties, a
grid of 6x6 km was generated to assist in planning of field logistics. The grid was overlain on
topographical maps along with a line marking the highest marine level and of polygons
delineating glaciofluvial deposits and areas with marine deposits to be excluded from
sampling. Within each of the grid squares, field workers were free to find a suitable location,
with a minimum distance of 10-100 m from abandoned to high traffic roads. Sample pits were
dug by paint-free steel spade down to well into the mineral soil layer, preferably to C-horizon
in podzols. Samples were collected into Rilsan® plastic bags using a small steel trowel.
Figure 3 shows a typical sample pit, the equipment used and a typical sample. Sample wet
weight was on average 1.8 kg. Sample contamination was minimized by the field crew not
wearing any jewellery during sampling, and tools were wiped clean before collecting the next
sample. For about every 20th sample a duplicate sample was collected 1-10m from original
sample site, resulting in a total of 37 duplicate pairs. A total of 752 site/field samples were
collected and accepted for further use, of these 95 were collected using helicopter for
transport in remote areas.
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Figure 3 Photo showing sample, sample pit and all essential tools. Photo O.A. Eggen

3.2 Sample preparation

Upon arrival at the NGU laboratories, samples were dried in their original sampling bag for
three weeks at temperatures below 40 °C. Sample dry weight was on average 1.4 kg.
Subsequently all samples were dry sieved to <2mm (9 mesh), from which 2 aliquots of 90+ g
were obtained. Surplus <2mm material as well as the >2mm fraction were saved for possible
later usage. From all field duplicates, an additional split was generated.

Nylon sieves were used, and no jewelry was worn during preparation work. Cross
contamination via sample dust during sieving was controlled by sieving samples one at a time
in a vented box. All sieving equipment was cleaned using a vacuum cleaner in between every
sample. Following sample preparation, one series of all samples were randomized in a
structured manner, so that for about every 17 samples sent to the laboratory, a field duplicate,
its split and its ordinary sample as well as a split of the project standard MINN was inserted.
In addition, 20 samples from the Nordland/Troms collection described by Reimann et al.
(2011) and 5 samples of the GEMAS Ap standard (Reimann et al., 2012a) were evenly
distributed into the sample series. The control samples were not always inserted in the exact
same positions within the group.



3.3 Chemical analyses

The randomized series of 90+ g aliquots were shipped to ACME laboratories in Vancouver,
Canada. The laboratory inserted further 33 splits of its own quality control (QC) sample DS10
for overall QC as well as 33 alliquots of both of the certified reference materials NIST SRM
981 and NIST SRM 983 for Pb isotope QC. The laboratory also did replicate weighing,
extraction and analyses of 32 replicate pairs throughout the analytical sequence.

The MINN campaigns of 2011 and 2012 (Reimann et al., 2012b; Finne and Eggen, 2013) as
well as the reanalysis on the Nordland/Troms samples (Reimann et al., 2011) followed the
same procedure with successful quality assessment at the named laboratory. For all these
campaigns, a 15 g sample weight was used for extraction.

The samples were digested in 90 ml aqua regia and leached for one hour in a hot (95 °C)
water bath. After cooling, the solution was made up to a final volume of 300 ml with 5% HCL
The ratio of sample weight to solution volume is 1g per 20 ml. The solutions were analyzed
using a Spectro Ciros Vision emission spectrometer (ICP-AES) and a Perkin Elmer Elan
6000/9000 inductively coupled plasma emission mass spectrometer (ICP-MS).

Analytical results were returned from the laboratory within one month after receiving the
samples. The remainder of the sample material was stored in the event of mishaps with the
first weighing, and for possible upcoming analyses following alternative procedures. Unused
sample material was not returned, but destructed by the laboratory after the holding period,
according to local regulations.

3.4 Quality control

To be able to estimate analytical precision based on analytical duplicates and to calculate the
practical detection limits, it was agreed with the laboratory that all instrument readings were
reported, independent of detection limit. For statistical calculations on the quality control part
the instrument readings were used. Negative readings were replaced by a very low positive
value prior certain statistical analysis.

X-charts are a simple yet powerful way of studying the quality of the data. The data for a
variable is plotted against its analytical sequence number, and by also plotting the median and
deviation from the median it is possible to a) identify time trends or breaks in the analysis
sequence, b) get an impression of precision by looking at the spread from the median, and c)
get an impression of accuracy if the "true", certified value is known. X-charts from this survey
(for an example see Figure 4, plot to the right) indicate that no severe problems are present
with regards to time trends or breaks in analytical results. All in all, most results for the
standards were satisfactory. Table 1 and Table 2 identify the problematic elements.



3.4.1 Accuracy

The project standard MINN was used to estimate the accuracy of the analysis and to detect
possible time trends or breaks in the analysis sequence. This standard material was also used
in the Nordkinn (Reimann et al., 2012b) and Nord-Salten (Finne & Eggen, 2013) surveys and
therefore gives the opportunity to compare the three surveys. The laboratory also used its own
house standard, DS10, inserted throughout the analysis series. Table 1 and Table 2 display
values for minimum, median and maximum, as well as precision for the analytical results for
the standards MINN and DS10. For comparison with prior analytical results of the same
standards, the median values from the Nordkinn study (Reimann et al., 2012b) are also given
in Table 1. As an illustration of similarity in the MINN standard behavior, Figure 4shows X-
charts of La for Nordkinn, Nord-Salten and this survey, respectively. In laboratory standard
DS10 only Ta and Ge has so low concentrations that it remains problematic (Table 2).

Standard MINN - 2011 - Nordkinn Standard MINN - 2012 - Nordsalten Standard MINN - 2013 - Nord-Trendelag + Fosen

.............................................

............................................

La (mgkg)
La (mg/kg)
o
o ;
°
La (mg/kg)

Analytical sequence Analytical sequence Analytical sequence

Figure 4 X-chart for La depicting stability for project standard "MINN" in year 2011 Nordkinn,
year 2012 Nord-Salten and this study, showing similarity in median and precision in the three
datasets. Dashed and dotted lines marks +10% and +20% deviation, respectively.

3.4.2 Precision

Table 3 shows the estimate of precision based on the analytical duplicates and the field
duplicates. The low precision is principally due to the natural variability shown in the
difference between ordinary field sample and field duplicate samples. In this survey it was
also decided that material from the B-horizon could be sampled, thus increasing the risk for
sampling heterogeneous duplicate samples. In many cases the observed problems with
precision were due to very low concentrations as in the case of our project standard MINN,
1.e. analytical results at or below the limit of detection, like B, Pd, Pt, Re and Te. However,
the field duplicate results reveal that some elements are plagued by poor reproducibility, and
maps should be viewed with care. These include Ag, Au, Ge, Mn and Ta.

Practical detection limit (PDL) was established based on method described by Demetriades
(2011), using the results for analytical (weighing) duplicates. The good results of the
duplicates led us to use a lower PDL rather than the laboratory’s method detection limit
(MDL) for K, Mg and S. On the other hand, PDL had to be increased for Cu, Fe, Pd, Pt, Se
and Te (see Table 6).
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3.4.3 Quality of lead isotope analysis

Five samples of the GEMAS Ap standard were inserted to the analysis series. These samples
had previously undergone Pb isotope analysis by extracting 0.5g in 7N HNOs in an
ultraCLAVE Milestone, and finally analyzed by HR-ICP-MS (Reimann et al., 2012a). The
results of the GEMAS samples from our study shows very good accuracy for the **’Pb/*”*Pb
and 2**Pb/*"°Pb ratios while good accuracy for the °°Pb/**’Pb ratio compared to the prior
analyses, and overall satisfactory precision, see Table 4.

33 samples of both the NIST SRM 981 common lead isotopic standard (NIST.gov) and NIST
SRM 983 radiogenic lead isotopic standard (NIST.gov) was inserted to the analysis series by
the lab. The results (see Table 5) shows again very good accuracy for the **’Pb/***Pb ratio
while good accuracy for the ***Pb/**°Pb and **°Pb/*"’Pb ratios.

3.5 Data analysis

Geochemical data are compositional data, meaning that they do not contain truly independent
values but only relative information; the reported concentrations of all elements analyzed
depend on one another (Aitchison, 1986; Filzmoser et al., 2009). Such data have some special
properties which can lead to wrong results when applying the methods developed for classical
statistical data analysis (Reimann et al., 2013). Thus EDA (exploratory data analysis)
techniques and simple order statistics as suggested by Reimann et al. (2008) are used here. All
statistical calculations are determined by use of the freely available R software (R
development core team, 2014) and the additional StatDA package (Filzmoser, 2013).

4. RESULTS AND COMMENTS

4.1 Data tables

A statistical overview for the dataset is provided in Table 6. The table is built around the
minimum, maximum and median value, and also provides the values for a number of
additional quantiles (percentiles) for the analyzed elements. As an additional measure of
variation the “powers” are provided, which provide a direct impression of the orders of
magnitude variation for each variable. When using classical statistical methods for calculation
of the mean and standard deviation to derive at “thresholds” for anomalies, 2.6% of all data is
often identified as anomalies at both ends of the distribution if the dataset has a normal
distribution (Reimann et al, 2008). The data at hand are far from normally distributed and
therefore unsuited for classical statistics — thus the quantiles Q2 and Q98 (or Q5 and Q95) can
be taken as lower and upper threshold for the data. However, quite often Cumulative
Probability (CP) plots (see below) provide a better means of identifying anomalies in the data
by inspection of shape of the curve.

Table 7 displays the analytical results with a more common approach, showing median, 98"
percentile value and maximum concentration for the Nord-Trendelag and Fosen dataset and
data for directly comparable Nordland/Troms dataset (Reimann et al., 2011). They are
comparable in terms of grain size, laboratory procedures, and number of samples. For median,
Q98 and maximum, the highest value between the three datasets is underlined.
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4.2 Cumulative probability (CP-) plot

Plots of the cumulative distribution function are one of the most informative displays of
geochemical distributions (Reimann et al., 2008). In the plots the concentration is plotted
along the X-axis and the cumulative probability is plotted along the Y-axis, and it allows the
direct visual recognition of breaks in the curve which may be indicative of different
geochemical processes. Breaks in the uppermost few percentiles of the distribution are often
used as thresholds for anomaly identification. Readings below the PDL are here set to half the
PDL value for that element, respectively. Appendix 1: Cumulative frequency diagrams.
provides the CP-plots for all 57 variables.

4.3 Maps

Many different methods for producing geochemical maps exist (see discussion in Reimann,
2005 or in Chapter 5 of Reimann et al., 2008). In mineral exploration so called “growing dot
maps” as introduced by Bjerklund and Gustavsson (1987) are probably most often used.
However, they focus the attention almost exclusively on the high values, the “anomalies” and
are less well suited to study the data in more detail, e.g., in relation to geology. It may also be
argued that the "growing dot map" has limitations in detecting local anomalies as they often
do not display especially high values in relation to the whole dataset, but rather high values in
relation to their local surroundings. Some of these shortcomings can be helped by giving
special attention to the growth increment of the symbols, and the overall size of the symbols
in the map image.

The percentiles used for the classes are 5 — 25 — 75 — 95%. All the maps are prepared on a
backdrop of a generalized bedrock map based on the available maps in scale 1:250 000 hosted
by http://geo.ngu.no/kart/berggrunn/ . An excerpt of the legend for the 1:250 000 scale map
series is shown in Figure 5.

The dataset for this report is provided online
(http://www.ngu.no/en-gb/tm/About-NGU/Projects/Mineralressurser-i-Sor-Norge-MINS
Look for “Last ned data her”), and it is therefore possible and up to the reader to use different
mapping techniques. Note, however, that in the provided data file all values below detection
are marked as “<n”, n being the PDL, while NGU had the original instrument readings
available, i.e. values for every sample. NGU used the instrument reading values as these
results often contain valuable information when using large datasets with hundreds of
samples. For example, the laboratory’s official detection limit for S is 200 mg/kg, but the QC
results indicate that values down to 20 mg/kg are still reliable. Thus a full order of magnitude
real, natural variation would have been lost when setting all values below the MDL to for
instance 2 of the detection limit.

12



Berggrunn tegnforklaring

2 - Sandstein
3 - Konglomerat, sedimentaer breksje
7 - Sedimentaere bergarter (uspesifisert)
8 - Skifer, sandstein, kalkst=in
9 - Sandstein, skifer
10 - Kalkstein, skifer, mergelstein
11 - Kalkstein, dolomitt
- 21 - Granitt, granodiontt
- 22 - Dioritt, monzodiontt
- 23 - Syenitt, kvartssyenitt
- 24 - Monzonitt, kvartsmonzonitt
- 25 - Mangenttsyenitt
26 - Ryolitt, ryodacitt, dacitt
- 29 - Vulkanske bergarter (uspesifisert)
- 30 - Mangeritt fil gabbro, gneis og amfibolitt
B 35 - Gabbro, amfibolitt
38 - Kvartsdioritt, tonalitt, trondhjemitt
P 20-- Clivinstein
B 41 - Eklogitt
[ 45 - Anortositt
50 - Amfibolitt og glimmerskifer
- 55 - Grennstein, amfibolitt
60 - Metasandstein, skifer
61 - Kvartsitt

62 - Glimmergneis, glimmerskifer, metasandstein,

amfibolitt

65 - Fyllitt, glimmerskifer

66 - Kalkglimmerskifer, kalksilikatgneis

70 - Marmor

71 - Dolomitt

82 - Dionittisk il granittisk gneis, migmatitt
85 - @yegneis, granitt, foliert granitt

87 - Bandgneis (amfibolitt, homblendegneis,
glimmergneis), stedvis migmatittisk

Bedrock legend

2 - Sandstone
3 - Conglomerate, sedimentary breccia
7 - Sedimentary rock (unspecified)
8 - Shale, sandstone, limestone
9 - Sandstone, shale
10 - Limestone, shale, marlstone
11 - Limestone, dolomite
- 21 - Granite, granodiorite
- 22 - Diorite, monzodiorite
- 23 - Syenite, quartz syenite
- 24 - Monzonite, quariz monzonite
- 25 - Mangernte syenite
26 - Rhyolite, rhyodacite, dacite, keratophyre
- 29 - Volcanic rocks (unspecified)
- 30 - Mangerite to gabbro, gneiss and amphibolite
B :: - Gabbro, amphibolite
38 - Quartz diorite, tonalite, trondhjemite
- 40 - Peridotite, pyroxenite
P 41 - Eclogite
I 45 Anorthosite
50 - Amphibolite and mica schist
- 55 - Greenstone, amphibolite
60 - Metasandstone, mica schist
61 - Quartzite

62 - Mica gneiss, mica schist, metasandstone,
amphibolite

85 - Phyllite, mica schist

66 - Calcareous mica schist, calc silicate gneiss
70 - Calcite marble

71 - Dolomite marble

82 - Diontic to granitic gneiss, migmatite

85 - Augen gneiss, granite, foliated granite

87 - Amphibolite, hornblende gneiss, mica gneiss
locally migmatitic

Figure 5 Legend of bedrock map used as backdrop of all geochemical maps in Appendix 2.
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5. DISCUSSION -- FIRST IMPRESSIONS

On the SE side of the lake Snisavatnet are a number of sites with high values for As, Cd, Hf,
Ni, Sb and a single Se, and to some extent also Cu and Pb. The area, Roktdalen, is on the
border between metasediments to the SE and rhyolites to the NW. There are no known
mineralizations in this area.

Due SW of Roktdalen, running southwesterly past the countyline and extent of this survey,
are the Gula group and its eastern neighbor Funnsje Group. Their fyllites and
greenstone/amphibolites contain numerous base metal anomalies, perhaps not surprising, as
these units host a large number of sulfide deposits.

South of the Blafjella-Skjaekerfjella National Park, five adjacent samples have high Pb-values,
some are also high in Te and Bi, As and Co. This particular area has no known ore showings,
and all the nearest entries in the ore database are pyrite and/or chalcopyrite bearing only.

In Lierne, South of the Grongfeltet ore-district, T1, Y and partly Zn show high values. This
area has a few records in the ore database, with Cu and Zn as ore elements, but apart from one
location, they are showings only. The Zn anomalies coincide well, but there are no
particularly interesting values when it comes to Cu. The samples for the ore database were not
analyzed for Tlor Y.

The ophiolite of Leka is anomaly in itself; Of the three sample locations, two or three have
values in the 95+ percentile class for Au, B, Cd, Co, Cr, Cu, Mg, Ni, Pt, Sb, Sc, and Se, and
for Ag, As, Mn, Na, Pd, S, the area is also anomalous.

6. CONCLUSION

Table 7 shows that the analytical results for the Nord-Trendelag & Fosen samples returned
higher values for among others Au, Co, Cr, Cu, Ga, Hg, Nb, Ni, Pt, Re, Sc, Ti, W, and Zr,
when compared to the data of Nordland and Troms. The comments given on some of the
anomalies seen in the maps are indications that there may be additional elements of economic
importance in well known mining areas. There are also areas outside of the national parks that
have anomalous values for several elements of economic interest, but without any known
mineralizations according to NGU’s ore database
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Table 1: Minimum, median, maximum and precision values for the project standard MINN. Concentrations in

mg/kg.
MINS 2013 LM (n=39) alphabetical Sorteds by precision

Element Precision | Nordkinn | Element Precision | Nordkinn | Element Element

Min Q50  Max Q50 Min Q50 Max Q50 Precision Precision
Ag <0.002 0.008 0.026 66 0.005 Mo 1.1 18 21 74 1.8 Te 1057 Cr 6.5
Al 16480 17338 17955 2.8 17085 Na 18 54 61 6.6 35 Pt 754 Cu 6.5
As 156 202 273 9.7 2.2 Nb 14 19 22 12 1.8 Ta 272 Th 6.3
Au <0.0002 0.0003 0.0043 210 | <0.0002 | Ni 18 20 22 54 19 B 213 Ba 6.0
B <1 <1 2 213 0.5 P 343 367 408 5.1 368 Au 210 Li 6.0
Ba 46.1 499 565 6 49 Pb 11 13 15 3.8 13 Re -202 Ca 5.8
Be 0.16 0.37 069 32 0.33 Pd <0.03 <0.03 <0.03 117 <0.01 |Pd 117 Mn 5.6
Bi 0.06 0.07 0.8 11 0.09 Pt <0.004 <0.004 0.005 754 | <0.002 | Se 115 Ni 54
Ca 653 754 1401 5.8 744 Rb 64 69 78 44 67 Hg 87 Co 5.1
Cd <0.01 0.01 0.08 86 0.01 Re <0.001 <0.001 0.002 -202 | <0.001 |Cd 86 P 5.1
Ce 24 27 30 4.1 26 S <20 86 93 34 100 Ag 66 Sr 5.1
Co 1 13 14 5.1 12 Sb  <0.02 0.03 0.06 35 0.03 Ge 55 Ti 49
Cr 209 229 252 6.5 23 Sc 2.2 26 28 6.6 21 In 54 Tl 4.7
Cs 412 436 477 35 4.2 Se <0.5 0.2 0.7 115 0.3 w 39 Rb 44
Cu 10.2 11.3 12.9 6.5 11 Sn 0.4 0.6 0.8 10 0.6 Sh 35 Ce 41
Fe 29688 31111 32798 25 30902 Sr 2.8 33 37 5.1 3.6 Be 32 Pb 3.8
Ga 5.3 5.6 6.3 37 55 Ta <005 <0.05 <0.05 272 | <0.05 Hf 15 Ga 3.7
Ge 0.01 013 028 55 0.08 Te <0.2 <02 <02 1057 0.01 Nb 12 Mg 3.7
Hf 0.07 014 019 15 0.09 Th 37 41 47 6.3 38 Bi 1”1 Y 35
Hg <0.005 0.005 0.020 87 <0.005 Ti 1974 2205 2459 491 2163 Sn 10 Cs 35
In <0.02 <0.02 0.06 54 <0.02 Tl 0.48 0.51 0.56 4.7 0.53 As 97 S 34
K 5213 5638 5956 32 5544 u 22 24 27 7.1 25 Zr 80 K 3.2
La 15 16 17 2.9 16 ' 32 34 35 2.5 33 Mo 74 Lla 2.9
Li 14 16 18 6.0 16 W <005 <005 032 39 <0.1 u 71 Al 2.8
Mg 5573 6005 6307 37 5946 Y 8.0 8.5 9.2 35 84 Na 66 V 25
Mn 192 232 273 5.6 235 Zn 56 61 68 6.6 59 Zn 6.6 Fe 2.5

Zr 5.5 6.4 8.1 8.0 4.1 Sc 6.6
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Table 2: Minimum, median, maximum and precision values for laboratory standard DS10. Concentrations in
mg/kg.

D810 standard (n=33) alphabetical Sorted by preciosion

Element Precision | Element Precision | Element Element

Min Q50 Max Min Q50 Max Precision Precision
Ag 1.7 20 22 6.7 |Na 533 627 718 80| Ta 89 Sc 5.5
Al 8854 10409 11333 49|Nb 13 16 22 14 | Ge 79 Ba 54
As 41 45 48 3.8 | Ni 70 76 82 32| Hf 28 La 5.3
Au 008 011 0.14 14| P 675 746 840 44 | Be 22 Cr 53
B 44 6.4 9.6 19|Pb 129 150 166 56| B 19 Li 5.2
Ba 330 368 445 54 |Pd 008 010 0.14 11| Se 19 Sr 49
Be 0.1 0.6 1.2 22 |Pt 0.165 0.199 0.233 78| Re 16 Al 49
Bi 1 12 13 78 | Rb 26 29 3 46 | Au 14 Cd 46
Ca 9557 10627 11762 3.7|Re 0.029 0.056 0.070 16 | Nb 14 Rb 46
Cd 23 26 2.8 468 2615 2829 2956 45| In 1M1 8 45
Ce 30 35 42 65|Sb 50 6.1 79 11| Pd 11 K 44
Co 118 131 148 328 25 28 341 55| Sb 1M1 P 44
Cr 51 56 60 53| Se 12 241 30 19| Ti 10 Y 43
Cs 25 28 31 29 |8n 14 16 18 731 Zr 95 Ga 42
Cu 146 157 177 3.7 |8r 54 62 7 49 | Hg 88 TI 42
Fe 24953 27516 29243 29 |Ta <0.05 <0.05 <0.05 89 | Na 80 V 4.1
Ga 39 43 49 42|Te 44 48 56 76| Pt 78 Mo 4.0
Ge <01 <041 0.2 79|Th 67 73 8 64| Bi 78 Mg 39
Hf 004 007 013 28| Ti 616 766 864 10| Te 76 As 38
Hg 025 030 039 88Tl 45 5.1 54 42| Sn 73 Ca 3.7
In 0.2 02 0.3 111|U 23 25 27 68| W 6.9 Cu 3.7
K 2978 3412 3660 44|V 39 44 47 41| U 6.8 Mn 34
La 14 17 20 53 |W 25 30 34 6.9 | Ag 6.7 Co 32
Li 18 20 22 52|Y 66 78 93 43| Ce 6.5 Ni 32
Mg 6971 7787 8184 39(2Zn 346 377 405 6.1| Th 64 Cs 29
Mn 785 890 969 34| Zr 28 33 38 95| Zn 6.1 Fe 29
Mo 15 16 18 4.0 Pb 5.6
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Table 3. Precision on analytical and field duplicates.

Analytical duplicates (37 pairs)

Field duplicates (37 pairs)

Alphabetical Sorted Alphabetical Nordkinn Sorted Nordkinn
Element | Precision Element | Precision Element | Precision | 30 pairs | Element | Precision | 30 pairs
Ag 28 Au 266 Ag 84 42 Re -382 389
Al 2 Pt 150 Al 32 12 Pt 189 34
As 10 Te 146 As 48 40 Te 132 99
Au 266 B 115 Au 127 82 Au 127 82
B 115 Ge 7 B 79 54 Ge 107 55
Ba 5 Ta 68 Ba 43 19 Ta 107 69
Be 29 Pd 56 Be 55 32 Mn 89 22
Bi 11 Se 55 Bi 16 21 Ag 84 42
Ca 4 In 36 Ca 30 34 B 79 54
Cd 25 Be 29 Cd 41 58 Ni 64 13
Ce 3 S 28 Ce 44 29 S 64 46
Co 6 Ag 28 Co 29 16 Se 64 32
Cr 7 Hg 26 Cr 41 15 Be 55 32
Cs 3 Cd 25 Cs 20 9 Sb 53 18
Cu 3 Hf 24 Cu 41 22 La 53 34
Fe 2 W 24 Fe 38 10 Hf 52 27
Ga 4 Sb 21 Ga 35 1" w 50 29
Ge 7 Sn 11 Ge 107 55 Hg 50 48
Hf 24 Bi 11 Hf 52 27 As 48 40
Hg 26 As 10 Hg 50 48 Pd 46 251
In 36 Tl 8 In 45 36 Y 45 29
K 3 Mo 7 K 36 15 In 45 36
La 4 Cr 7 La 53 34 Ce 44 29
Li 5 Zr 7 Li 35 15 Ba 43 19
Mg 2 Co 6 Mg 26 16 Zr 43 20
Mn 3 Sr 5 Mn 89 22 Cd 41 58
Mo 7 Ba 5 Mo 32 35 Cu 41 22
Na 5 Na 5 Na 25 14 Cr 41 15
Nb 5 Zn 5 Nb 32 23 U 40 18
Ni 4 Nb 5 Ni 64 13 Sr 39 19
P 3 Li 5 P 36 24 Fe 38 10
Pb 2 Ca 4 Pb 30 11 Th 37 21
Pd 56 Th 4 Pd 46 251 K 36 15
Pt 150 La 4 Pt 189 34 P 36 24
Rb 4 Rb 4 Rb 28 14 v 36 10
Re -4419 Sc 4 Re -382 389 Ga 35 1
S 28 Ni 4 S 64 46 Li 35 15
Sb 21 Ga 4 Sb 53 18 Sc 33 1
Sc 4 P 3 Sc 33 1 Mo 32 35
Se 55 U 3 Se 64 32 Al 32 12
Sn 1 Cu 3 Sn 22 13 Nb 32 23
Sr 5 K 3 Sr 39 19 Tl 32 15
Ta 68 Ce 3 Ta 107 69 Pb 30 1
Te 146 Mn 3 Te 132 99 Ca 30 34
Th 4 Cs 3 Th 37 21 Ti 29 1
Ti 2 Y 3 Ti 29 1 Co 29 16
Tl 8 Ti 2 Tl 32 15 Rb 28 14
u 3 Mg 2 U 40 18 Zn 27 12
v 2 Pb 2 v 36 10 Mg 26 16
w 24 v 2 W 50 29 Na 25 14
Y 3 Fe 2 Y 45 29 Sn 22 13
Zn 5 Al 2 Zn 27 12 Cs 20 9
Zr 7 Re -4419 Zr 43 20 Bi 16 21
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Table 4. Pb isotope results of the GEMAS Ap standard compared with the analyses from the GEMAS

roject (Reimann et al., 2012a)

MINS 2013 till analyses GEMAS (Reimann et al.. 2012)

Parameter Min Mean Max StDev CV% Min Mean Max StDev CV%
27Pp/208Ph 0.387 0.402 0.415 0.01043 2.60 0.401 0.403 0.406 0.00064 0.16
28Ph/206Ph 2.054 2.095 2.153 0.04187 2.00 2.042 2.064 2.074 0.00483 0.23
206Pp/207Ph 1.169 1.189 1.201 0.01327 1.12 1.195 1.201 1.221 0.00248 0.21

Table 5: Statistical results (minimum. mean. maximum and standard deviation) for the standard

reference material.

MINS 2013 till analyses

Parameter Material Min. Mean Max. Parameter
204Ph/206Pp

SRM 981 0.055390 0.059331 0.063329 0.003477
207Pp/206Pp

SRM 981 0.879605 0.914901 0.944665 0.030798
208Pp/206Ph

SRM 981 2.064976 2.170416 2.253285 0.107595
204Pp/206Ph

SRM 983 0.000311 0.000371 0.000459 0.000058
207Pp/206Ph

SRM 983 0.069480 0.071630 0.075510 0.003058
208Ph/206Ph

SRM 983 0.012670 0.014110 0.016690 0.001726

Reference values*

Material

Min.

0.059042

0.914640

2.168100

0.000371

0.071201

0.013619

*Qverall limits of error are based on 95 % confidence limits for the mean of the ratio measurements and on allowances for the known

sources of possible systematic error (https://www-s.nist.gov/srmors/certificates/983.pdf).
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Table 6. Statistical parameters for the mapped data. Till <2mm, aqua regia extraction on 15 g sample

material. N=752. concentrations in mg/kg.

Ele. | MDL | PDL Min Q2 Q5 Q10 Q25 Q50 Q75 Q90 Q95 Q98 Max Powers
Ag 0.002 | 0.002 | <0.002 <0.002 <0.002 0.003 0.007 0013 0.026 0.046 0.069 0.092 0.49 4.4
Al 100 100 321 818 1226 2409 7354 11787 16025 20695 23739 29833 51013 22
As 0.1 0.1 <0.1 <0.1 <0.1 0.1 0.5 1.5 3.0 5.7 9.2 19 622 5.9
Au 0.0002 | 0.0002 | <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0007 0.002 0.003 0.004 0.007 0.07 39
B 1 1 <1 <1 <1 <1 <1 <1 1.1 1.8 25 33 8.7 38
Ba 0.5 0.5 0.99 26 4.0 54 9.2 15 26 43 60 91 4717 2.7
Be 0.1 0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.2 0.3 0.4 05 07 35 34
Bi 0.02 | 0.02 <0.02  <0.02 0.03 0.04 006 009 013 018 023 032 5.0 40
Ca 100 100 <100 <100 130 223 571 1201 2013 2593 3057 3539 13721 35
Cd 0.01 | 0.01 <0.01 <0.01 <001 <0.01 002 003 005 008 009 013 057 32
Ce 0.1 0.1 0.8 2.1 3.7 5.6 118 234 381 537 659 791 150 23
Co 0.1 0.1 <0.1 <0.1 0.2 0.5 2.7 6.1 10 15 18 28 144 4.2
Cr 05 0.5 <0.5 0.9 1.8 4.9 15 26 39 60 81 124 1162 3.7
Cs 0.02 | 0.02 <0.02  <0.02 0.3 0.4 0.7 1.0 1.5 2.1 29 40 16 3.0
Cu 0.01 0.1 <0.01 0.3 0.6 1.0 45 13 23 36 46 68 346 38
Fe 100 300 <100 495 1085 2392 12367 19419 27238 36119 43688 53967 91834 3.1
Ga 0.1 0.1 0.2 1.0 15 2.2 3.0 43 5.9 8.1 10 13 20 2.0
Ge 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <01 <01 <01 0.1 0.1 0.2 0.3 3.1
Hf 0.02 | 0.02 <0.02 <0.02 <0.02 <0.02 004 006 009 013 016 019 037 24
Hg 0.005 | 0.005 | <0.005 <0.005 <0.005 0.006 0011 0.021 0.035 0049 0060 0083 0.26 24
In 0.02 | 0.02 <0.02 <0.02 <002 <0.02 <0.02 <0.02 002 003 004 005 019 34
K 100 50 <50 107 146 198 345 696 1325 2368 3147 5442 13808 2.8
La 0.5 0.5 <0.5 0.9 1.7 26 5.1 9.5 16 21 26 32 150 26
Li 0.1 0.1 <0.1 <0.1 0.3 0.6 4.0 8.5 13 18 23 29 51 4.1
Mg 100 50 <50 60 146 383 2106 4370 6918 9915 12854 16614 37697 5.1
Mn 1 1 1.3 6.8 11 20 83 167 265 430 546 767 3241 34
Mo 0.01 | 0.01 <0.01 0.08 0.12 0.15 026 042 068 1.2 19 44 24 36
Na 10 10 <10 <10 15 23 41 66 100 151 208 254 534 3.0
Nb 0.02 | 0.02 <0.02 0.25 0.40 0.51 0.78 14 23 35 45 55 8.4 3.0
Ni 0.1 0.1 <0.1 0.17 0.34 1.1 5.1 14 24 36 52 86 752 43
P 10 10 20 36 48 63 140 276 506 675 741 921 2109 2.0
Pb 0.01 | 0.01 0.43 1.7 24 35 4.8 6.6 88 116 132 176 80 2.3
Pd 0.01 | 0.03 <0.03 <0.03 <003 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 0.08 36
Pt 0.002 | 0.004 | <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 0.004 0.006 0.012 2.7
Rb 0.1 0.1 0.2 0.7 15 25 47 81 133 207 272 403 991 2.8
Re 0.001 | 0.001 | <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.003 0.003 0.007 2.7
S 200 20 <20 <20 24 40 72 137 221 327 448 599 3888 2.9
Sb 0.02 | 0.02 <0.02 <0.02 <002 <0.02 003 004 006 0.09 0.1 0.2 0.9 5.4
Sc 0.1 0.1 0.0247 0.21 0.32 0.56 137 217 305 399 498 628 255 3.0
Se 0.1 0.5 <0.1 <0.1 <0.1 <0.1 <01 031 062 106 131 174 354 38
Sn 0.1 0.1 <0.1 0.1 0.2 0.2 0.3 0.4 0.7 1.0 1.3 19 43 2.1
Sr 0.5 05 <0.5 1.0 1.6 23 42 6.9 9.8 14 17 21 52 2.1
Ta 0.05 | 0.05 <0.05 <0.05 <005 <0.05 <0.05 <0.05 <005 <0.05 <0.05 <0.05 0.061 44
Te 0.02 0.2 <0.2 <0.2 <0.2 <0.2 <02 <02 <02 <02 <02 <02 1.5 4.4
Th 0.1 0.1 <0.1 0.2 0.5 0.9 1.7 3.0 5.0 741 8.0 9.5 25 36
Ti 10 10 39 189 336 500 711 1032 1501 2109 2693 3621 9311 24
Tl 0.02 | 0.02 <0.02 <0.02 <0.02 <0.02 004 007 012 017 021 029 1.3 3.7
U 0.05 | 0.05 <0.05 0.11 0.19 0.27 045 0.68 1.0 15 20 3.2 52 32
v 2 2 <2 2.9 5.1 11 21 31 45 68 88 121 259 2.7
w 0.05 | 0.05 <0.05 <0.05 <005 <0.05 <0.05 <0.05 007 011 016 027 23 48
Y 0.01 | 0.01 0.21 0.61 0.88 1.3 26 48 6.9 9.1 11 14 65 25
In 0.1 0.1 0.2 0.9 18 34 14 27 39 53 65 76 249 3.2
Zr 0.1 0.1 <0.1 0.2 0.6 0.9 1.6 25 3.8 5.4 6.6 8.7 19 2.3
Isotope MDL | PDL Min Q2 Q5 Q10 Q25 Q50 Q75 Q90 Q95 Q98 Max Powers
208Pp/206P - - 1.22 1.73 1.8 1.86 1.93 1.99 2.05 2.1 213 217 2.64 0.3
206Ph/207Ply - 1.07 1.18 1.19 12 1.23 1.27 1.32 1.38 143 1.52 1.96 0.3
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Table 7: Comparison between Nord-Trondelag & Fosen survey with Nordland & Troms survey
(Reimann et al. 2011).

Nord-Trondelag & Fosen. N=752 Nordland + Troms N=982
ELEMENT | PDL MEDIAN Q98 MAX MEDIAN Q98 MAX
Ag 0.002 0.013 0.092 0.49 0.015 0.12 0.45
Al 100 11787 29833 51013 9864 27054 44069
As 0.1 15 19 622 1.9 18 376
Au 0.0002 0.0007 0.007 0.07 0.001 0.004 0.026
B 1 <1 3.3 8.7 <1 2.8 94
Ba 0.5 15 91 477 31 165 405
Be 0.1 0.2 0.7 3.5 0. 0.8 3.2
Bi 0.02 0.09 0.32 5.0 0.1 0.3 4.4
Ca 100 1201 3539 13721 1687 22245 207605
Cd 0.01 0.03 0.13 0.57 0.03 0.2 0.65
Ce 0.1 23 79 150 36 121 685
Co 0.1 6.1 28 144 8 24 55
Cr 0.5 26 124 1162 21 88 475
Cs 0.02 1.0 4.0 16 1.2 4.6 8.4
Cu 0.1 13 68 346 16 73 123
Fe 300 19419 53967 91834 18037 43188 89669
Ga 0.1 4.3 13 20 3 10 14
Ge 0.1 <0.1 0.2 0.3 <0.1 0.2 0.77
Hf 0.02 0.06 0.19 0.37 0.03 0.19 0.38
Hg 0.005 0.021 0.083 0.26 0.007 0.033 0.062
In 0.02 <0.02 0.05 0.19 <0.02 0.05 0.12
K 50 696 5442 13808 1659 8487 13630
La 0.5 9.5 32 150 16 59 413
Li 0.1 8.5 29 51 " 37 76
Mg 50 4370 16614 37697 5044 17559 49350
Mn 1 167 767 3241 195 751 1558
Mo 0.01 0.42 44 24 0 4 40
Na 10 66 254 534 74 347 2010
Nb 0.02 14 5.5 8.4 0.5 3 6.5
Ni 0.1 14 86 752 14 53 157
P 10 276 921 2109 518 1550 7430
Pb 0.01 6.6 17.6 80 4.9 24 180
Pd 0.03 <0.03 <0.03 0.08 <0.01 <0.01 0.03
Pt 0.004 <0.004 0.006 0.012 <0.002 0.002 0.007
Rb 0.1 8.1 40.3 99.1 17 73 295
Re 0.001 <0.001 0.003 0.007 <0.001 0.001 0.003
S 20 137 599 3888 <200 467 2655
Sb 0.02 0.04 0.2 0.9 0.04 0.33 0.96
Sc 0.1 217 6.28 25.5 1.7 5.8 11
Se 0.5 0.3 1.7 3.5 0.3 1.2 4.3
Sn 0.1 04 1.9 4.3 0.3 1.5 3.5
Sr 0.5 6.9 21 52 74 83 934
Ta 0.05 <0.05 <0.05 0.06 <0.05 <0.05 0.07
Te 0.2 <0.2 <0.2 1.5 <0.02 0.08 0.49
Th 0.1 3.0 9.5 25 5 17 72
Ti 10 1032 3621 9311 797 2583 3629
Tl 0.02 0.07 0.29 1.3 0.1 0.5 14
u 0.05 0.68 3.2 52 1 4 33
\% 2 31 121 259 24 92 209
w 0.05 <0.05 0.27 2.3 <0.1 0.4 0.94
Y 0.01 4.8 14 65 5.8 23 106
Zn 0.1 27 76 249 32 107 230
Zr 0.1 2.5 8.7 19 1 10 16
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Appendix 1: Cumulative frequency diagrams.

Please note that readings below the practical detection limit are set to half of the practical
detection limit value.
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Appendix 2: Maps of geochemistry in mineral soil in Nord-Trendelag and the Fosen
peninsula.
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