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Sammendrag:

Draft project proposals were discussed during an excursion
Trondheim - Kuopio 11-15 September 1988 and at a meeting in
Kuopio 16 September 1988. The final proposal given in this
report was present at the Mid-Norden annual meeting in
Uppsala 24-25 November 1988.

Reference is made to the original project proposal from
GF, NGU and SGU.

A volume of appendices contains:

Appendix 1: Minutes, Kuopio 16 September 1988.

Appendix 2: Minutes, Uppsala 24-25 November 1988.

Appendix 3: Detailled costs Norway, Finland and Sweden.

Appendix 4: Project proposal from SGAB. Analysis of humus
samples from The Nordkalott Project.
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SUMMARY OF ACTIVITIES 1988

Preliminary project proposals were presented by the Geological Survey of
Finland, Norway and Sweden, see References (1), (2) and (3), page 11.

An excursion Trondheim - Kuopio was arranged 11.-15. September. The par-
ticipants were:

Finland: Nikkarinen, Maria
Rdsdnen, Marja Liisa
Tenhola, Markku

Norway: Bzlviken, Bjern
Ryghaug, Per

Sweden: Anderson, Madelen

The main purpose of the excursion was to study sample types and sampling
technique in Norway, Sweden and Finland.

After the excursion a meeting was held in Kuopio 16. September 1988
(Appendix 1). Based on this meeting a draft plan for the Geochemistry
Subproject was prepared. The draft plan was discussed and agreed upon at
the Mid-Norden annual meeting in Uppsala 24.-25. November 1988 (Appendix 2).

The plan suggests sampling of till, stream water and stream plant roots at
a spacing of 1 sample site per 50 km2, In addition soil profiles (Ag, A2
and Bp horizons) and terrestrial moss (Hylocomium Splendens) should be
sampled at every 6th sampling station (1989-90). The samples will be ana-
lyzed in random order after all field work is completed. A number of
geochemical parameters will be determined by several laboratories. The
moss samples will be analyzed in cooperation with Dr. Rke Riihling, Univer-
sity of Lund (1991-1992). The analytical results will be presented on maps
at A3 format and a scale of 1:5 mill. Two interpretation maps will be pre-
sented at a scale of 1:1 mill. Common maps should be prepared for the
Nordkalott and Mid-Norden survey areas (1993-1994). Progress reports,
annual reports, scientific publications and a final report (1994) will be
made. This plan is called Alternative 1. Two alternatives (plans)
(Alternatives 2 and 3) are suggested in case fundings prevent a realization
of Alternative 1. Alternatives 2 and 3 will, however, give considerably
less information,



Total costs, all three countries included, are estimated to (see also
tables on pages 11-12):

Alternative 1 NOK 29.000.000,-
Alternative 2 NOK 15,000.000,-
Alternative 3 NOK 10.000.000,-

More detailled costs for each country are given in Appendix 3.
J. Magnusson of the SGAB has proposed a project for analysis of humus

samples collected during the Nordkalott Project. This proposal is enclosed
as Appendix 4.

GEOCHEMISTRY PROJECT PLAN

Personel] Subproject leader: Bglviken, Bjern

Subproject members: Finland: Tenhola, Markku (national sub-
project leader)
Nikkarinen, Maria

Norway: Ryghaug, Per (national sub-
project leader
Finne, Tor Erik

Sweden: Nilsson, Carl-Allan (national
subproject leader)

Ressar, Harald
Andersson, Madelen

Objectives

FIND THE NATURAL AND ANTROPOGENIC DISTRIBUTION OF ELEMENTS AND OTHER
GEOCHEMICAL PARAMETERS IN SOILS, SURFACE WATERS AND VEGETATION
Environment

- To provide maps and data on the natural distribution of elements and the
results of anthropogenic pollution of natural waters and overburden.



- To map the susceptibility to acidification of natural waters and over-
burden.

- To provide basic geochemical data for establishing alert, warning and
emergency criteria for action against past and present pollution of
waters and soils.

- To provide background geochemical data for the planning of an
appropriate number and locations for pollution monitoring stations.

- To produce geochemical maps of the natural contents of harmful as well
as essential elements in waters and soils in order to provide basic
background data in silvicultural and agricultural planning.

- To provide general geochemical data for use in general planning, for
example contribute to the knowledge of which areas are suitable/not
suitable for drinking water supplies.

- To provide (province-, country-, municipality-wise) geochemical data for
human and animal epidemiological research within the field of environ-
mental geochemistry and health (geomedicine).

- To contribute to the studies of global changes due to human activities
in the environment.

Exploration

- To discover geochemical provinses of importance in mineral exploration.

Research

- To discover provinces and structures that point to the need for new
approaches in the interpretation of regional geology.

- To provide data that will throw 1ight upon such geochemical problems as:
- the interpretation of geochemical anomalies and provinces,
- the establishing geochemical standards,
- the effects of weathering on the geochemistry of soils,
- the importance of airborne transportation from marine, volcanic and
other sources in natural geological processes.



Products

-  Geochemical atlas, A3 format, 1:5 miil.
Single elements and other parameters, dot maps, 2 colours.

- " - - " -, moving median maps, 4 colours.
Short text.

- Two interpretation maps, 1:1 mill,
environment
exploration

- Data bank.

- Progress reports, final report, scientific publications.

Existing material

Finland

In Finland ti11 samples have been collected at a sampling density of 1
sample per 4 km2 within the Mid-Norden area. In addition samples of organic
and inorganic stream sediments and lake sediments as well as heavy minerals
of ti11 have been collected in parts of the area. (Figures 1-4),

Norway

The hole area is covered with low density sampling of overbank sediments (1
per 500 km2) (Fige 5). Stream sediments have been sampled at different
sampling densities (1-5 samples per km?) within 70% of the area (Fig. 6).
Till sampies (1 sample per 50 km?) have been collected from 60% of the
area. Stream water, stream moss and stream organic matter have been
sampled at a density of 1 sample per 30 km in 15% of the area. Humus
samples have been collected at a sampling density varying between 1 per 30
kmé to 1 per 10 km2 in 35% of the area (Fig. 7). However, very little
sample material is left for further analysis from these projects.

Sweden

Samples of till have been collected in 30% of the area and plant roots in
15% of the area (Figs. 8 and 9), both at a density of 1 sample per 6 km2.



Field methods

It would be desirable to collect exactly the same sample types in the Mid-
Norden project as in the Nordkalott project in order to obtain compatible
geochemical data for whole area north of 63°. However, this seems not to
be possible, because the different types of national geochemical infor-
mation already exist in Finland, Norway and Sweden within the Mid-Norden
area.

Sample spacing will be dictated by the funding available, but should be
linked to that of the Nordkalott project. The following programme is pro-
posed for the Mid-Norden survey area:

Alternative 1

Collection of ti1l (C-horizon), stream water and stream plant roots, 1 site
per 50 km? (app. 6000 sample sites).

Additional sampling at every 6th sample site (1:300 km?) of soil profiles
(Ag> A2, B2) and terrestrial moss, (app. 1000 sample sites).

Alternative 2

As alternative 1, but 1 site per 300 km for all materials (app. 1000
sample sites).

Alternative 3

Only soil profiles (Ag, A2, By, C) and terrestrial moss.
1 site per 300 km2,

Notes to field methods:

1. Sampling of terrestrial moss is done in cooperation with the Nordic
group mapping air borne pollutants. (Project manager Rke Riihling, Uni-
versity of Lund, Sweden).

2. The marine geology group plans to collect 1200 bottom sediments in the
Botnian Bay. The geochemistry group supports this idea. The chemical
data on these samples can be plotted on the maps of the terrestrial
data.



3. The Quaternary subproject is probably going to excavate in order to
find the till stratigraphy. The quaternary geology subproject should
collect samples for the geochemistry subproject at these places:

- terrestrial moss

humus

A2 (bleached horizon)

Bo (enrichement zone)

C (parent material)

various stratigraphic

layers

The samples should be taken within 1990 field season to be included in the
total geochemical sample collection for analysis. If this is not possible,
they can only be used as reference samples.



Analytical methods (preliminary table as per Dec. 1, 1988)

Sample type Method Elements Execution
(in order of priority) Mayor minor trace country

Till 1. Aqua regia (ICP) X X X Finland
2. Total XRF or ICP (x) Finland ?
Soil 1. Pilot studies Finland
profiles (acidification)
2. Susceptibility to Norway

acidification (pH,
conduct. elements)

3. Lime requirements Norway
4. Aqua regia (ICP) X X X Norway
5. Total X (x) Finland ?
6. Plant available elem. x X X ?
Stream 1. pH Norway
water 2. Conductivity Norway
3. Cations X X X ?
4. Anions X ?
5. Total org. carbone ?
(ToC)
6. Alkalinity ?
Stream 1. Ashing (450°C) Sweden
plant roots 2. Total or/aqua regia X X X Sweden
3. Direct determination Sweden
of Hg, Se ++

A1l analysis of a certain type should be done after all samples have been
collected, in random order for all three countries, with a number of stan-
dard samples and by one laboratory for each method.

Th- heavy mineral consentrate equirment used for till samples in the Nord-
kalott project, is no longer available. An inclusion of heavy mineral con-
sentrates, analysis of Au and other "exotic" chemical elements are still
under discursion and not included in the cost estimates.
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Analysis of the terrestrial mosses will be done by the moss project. If
wanted, chemical analysis of the bottom sediments collected by the Marine
geology project can be added to this plan. The costs for this is not
included here.

Time schedule

The sampling has to be done during 1989-90 This will make it possible to
suppert the Environmental geology and the Metallogeny subprojects with some
preliminary data by the end of 1992. At least one year should be reserved
for data processing and interpretation.

A11 geological, geophysical and geochemical raw data maps should be
completed one year before termination of the main project.

Resource requirements

Estimates of the total costs of the proposed geochemical sampling program
for all three alternatives are based upon the cost made by each country
individually. The total costs (in 1000 Nkr) are also calculated. The costs
for each country are shown in appendix 3.

The funds necessary for field work with 1 sample/50 kmé (Table 1) are
substantial (Alternative 1).

With a Tower density sampling of all three sampling media (1 per 300 km? )
the total costs will be halved as shown in Table 2 (alternative 2). The

cheapest alternative (3) will give considerably less information than the
other alternatives (Table 3).

The estimation of expenses is based upon the cost when each country analyse
their own samples at own laboratories.

The total financial requirements will be different for each country.
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TABLE 1.

COST SUMMARY (Norway, Finnland, Sweden) in 1000 NKkr.
(At the rate of 100Svkr.=100Nkr., 100FIM=15TNkr.).

Alternative 1. (All sampling media, 1 sample site per 50 km<)

Norway Finnland Sweden All countries
Planning 415 529 578 1522
Nordic travel 530 311 268 1109
Fieldwork 1970 2109 1087 7166
Analysis 2800 4705 6051 13556
ADB/map prod. 1265 617 1027 2909
Reporting/printing 9lo 800 963 2703

Total 7920 9071 11974 28965
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TABLE 2.

COST SUMMARY (Norway, Finnland, Sweden) in 1000 Nkr.
(At the rate of 100Svkr.=100Nkr., 100FIM=1S5TNkr.).

Alternative 2. (All sampling media, 1 sample site per 300 km?)

Norway Finnland Sweden All countries
Planning 350 276 471 1097
Nordic travel 530 311 268 1109
Fieldwork 710 683 1482 2875
Anal;sis 780 1901 2408 5089
ADB/map prod. 770 480 824 207k
Reporting/printing 680 769 936 2385
‘Total 3820 4420 6389 14629

TABLE 3.

COST SUMMARY (Norway, Finnland, Sweden) in 1000 Nkr.
(At the rate of 100Svkr.=100Nkr., 10GFIM=157Nkr.).

Alternative 3. (Soil profiles only, 1 sample site per 300 km?)

Norway Finnland Sweden All countries
Planning 180 185 375 740
Nordic travel 280 193 268 7hi
Fieldwork 500 L16 813 1729
Analysis 470 1594 1873 3937
ADB/map prod. 420 259 589 1268
Reporting/printing 285 385 599 1269

Total 2135 3032 4517 9684




i =
o |

ﬁ -

S
-
\
=
A
831
|\L
[ un\
!
| i
i
G
I
||(l
)
"
i
1\(1
i
[HL
il
|
Rapport 88.211
Fig

- -
- - o
i - - -~
= —— e e o T o T o e e e S e ~
i viIST= AN CAN N -
- - ¥ = -~ b e 7 - e T ? s Pt S 0 - -~ -
~ - o ————— = ey pr—— TR L T et O e s & = = -
= o e e | ~ . = ~ | l|||||l1{.l/(|‘ll“\/“ = e e e e ? Pt P ot Prmm) O ks S - UJ/“
-2 ———— = @] = =21 alal &) d -3 = S — =Nl =
—— pele= e e ’ - — ok by = I e -~ i af S = 7
R R o R e e o iy —— = = NN |
{ - - 3 - - - - - - -~ R S —— S " L P ——— - 5 -
VV = _ _ b _ A _ - _ o} _ ” - | - _ = m - _.) Il = - _ ”T.”l\,l.“[lrll”\.l«[”ill(llill'l“I(I.llltl.@l\l _'\l = - -
R, L R X e o~ o= o= o .- M T b § o ] e e e e B s co Sete s, e e T A—— i S g B T - .V/H ~ )
——— —— v I\ll\l'l’lH I
| i i - N ZN 2
=t - o _ § o - — —_— -
-3 ()~ (R~ < H|I|I)1_|_1.)7 == == — = — — — ~ o)
~ - - -’ - ~5 § - - 1% ) P\ et o ittt Ot Pyt Pty s o et e . ey 2 o st ik, Y P, - -
o o~ . e - x el |l=2|lz)l=!=1ls= < w M e e oA ey e S Sy e et e = 5o g # <
~"Y S i~ - x - - _ o | & | e _ X X |- - - l’l..llll..)lr[\’l.]”l]’llul'.llll.'..lV\.H/._ - il o
3 NN - -~
/\4/\ \V\(/m | »
T o
= Lo peud = -~ - -~ - _ | &' - ' | o~ fom ——— — prny
ﬂlt - - _ -~ = = ~ srg-l 2l 2T - i T (= e T e e e S e e e N e e e e o~ N
pcy = - 2 4 b 4 o> o - ~ | w i - > Lo T T e e ey ) o ~ = =
|~ - - - - - - | - _ -]~ e A x| - — T e T e ey o s o ey —p— ey g ey o e e T — o ) = et Y © o
- . - ' — — e e . = - —— - -
—_—— e — — -~
G m D g U'll” —— o e — —— =
| = Sevas _ R | X - _ o~ _ sl Sl oie _ - | = ~ o o e e e—— v = —— r——— —
S X - - - = 1 - - bond oo T emany o 2 2 T P T e I P = =
= = —— — — . V& ) P et o DT e T e TN — o, D P et = =TT g == — T o~
ey - .- » - - B SNEEIS o~ - - e S Ty P i e i T e T e e~ e e — =~ -
- - | T ST et e -, R B0 AL te—— e | MR . S P4y T g g, —— ——— Olll =
e < - u*l_)~.. - AT -~ A= ——— ———— T2\ ©
= Lo ls slslzslz|2iZ|3) ==
g — P o~ —
- — ~tr.
= o _ = -
- -
-, - -
-~ _ -~
2 |
_— -~
- \v\\.llvl s
- x
-~ -
-
- ;_n “r_u
o7

Il 1983 -87

MORANKARTERING




r)m
21 i
F‘—‘——ﬁ gou 9
18¢
y 1824 182¢
\J
o Ll
2| 1ea “1 2 g:)\dh 1823
l o
7
f&? \Jnu 1037 LL0caanz] 8L
w RS -
3’ 280 | 203 [2s333an
1721
66° - - 68°
1721 i
BACKSEDIMENTER
216 3¢ 1602 (260t
——— 2621 )| 26810 [16L)
——1 MINEROGENILSKA L= il
6101 2632 2634 [1612] 210 | M2 [MIc|es12| LANE
Elwi’% . 2613 | 2631 (2830 (3811 | 2410 | 2631 [re3d[csrr] L8613
Sl ORGANISKA 0CH P
Raanss ‘ 66 3s24 | sz |sea|esaa| w32t -66°

MINEROGENISKA

|

1813 | %31 [as3] esn | 48D
jeae | dee2 [aeee|eean| w2t
ey | e |3eo e | ae2d Cul
It e [\eea2
I ey | oeem
__.___71——54~
132t LI £342
10 12y | G
ST el , 1:
2310 | 2332 2330 | 20m2 u’“‘” 1332 [ 2 e | O
230 | 1 |1 SLny WS
(112
\ m

nn )112) na 310 an (AR D]
I e 332 | It 0 Jo*
Inn bEID! nn 1)) on
——
3022 | J02¢ | 3002 /)ou.
/7 T
01 7023 | 00
Rapport 88.211.
jo12 i
-60°

Frg. 2



Rapport 88.211

- pr— —— et

- i - « =
~rf——F lew.llltmlu...lu. o——
A ——— Jllnll s [J.w...

.....

lnul

ors

!

P | .
‘ . .
'
Y '
. 2 I e
. % '
» o
we ‘

""elxln
"n

mpere -
Ha

———

Tomper

: T — L TAeel ] 3 : ) :
T~ $| S ede a3 o 3 —— :
£ 18 Siegee = 1= 38% s T
2 2 —r  IplEl o
e . O

g R

(20 7}

; I —
e N T

P B ) -
c : ——
2 — == j:) I .M”..X :
= : 2l by = $3 = g T s
s L) =15 S5~ ""%§ 3 —i—iZ »
! - % AN et L LTS : (BEE e
—:s ! A I - == -
— S
s 3 0 . =
HE- 3

_
e — l\WJIlulu -
'

SJOSEDIMENTER

SUOMI
YLEISLEMTIJAKOKARIITA
00 0




.
1910 20

T
- —
.){: 1912 l;ftlim‘)\nu
¥ )'9—1l 191 | In,nwu [URD ]
7 e R It

322 1832 | 2002 derc el

-‘ll' 2000 5621 382) | e XL

_'___._ —A-1

n) b .
1320 2000 | 2007 Pedioe2 3et | 3002 M}

T Ler)en a1 | 340 Je))een

—l\—lm

2302 prucyrp 2L | 1 e

10 g nn nn | o na-aip ol

w2 hncg nw |2 nean 1w

10 2Py ) 37131 ) )) L )

262

2602 26cc 0620 620 | 380D ket 1822 LB

TUNG MINERAL KARTERING

WX 2600 i) %2 I62) | %0 d6t) (624 e62d

160 2692 Pere-aeny et | 232 )80tk Lbit

s, 26 [ 260 snl-un %1) un{nniusn 61
mmm 1983 - 87 T [:551 Seeas2d 9520 9502 I usaus \-u'

W 1988 o

Y5350 %) s fes?)
~~ -

i o e
ﬂUJH ikl e e O
A =1 —

L e uen?

)

|

[ =y 4 {
i (m( ===
(L) 1?2 1) Je ey jee
1 R T g
;[)(’ mun L U fuen?
S el —
2N | an )0)) ||

o\ T
ALt f”
[SPA
l‘m‘n
i

(%D B A

——

an

an
——

wun

—

an

|

Rapport 88.211

Fig; H



s 4 ' ' 7 s’ 0 10 T

\ ] NORGES GEOLOGISKE UNDERSOKELSE
/{ MIDTNORDENPROSJEKT MIDT - NORGE

'OVERBANK DEPOSITS

1 SAMPLE PER 50 Km?2 2

1 SAMPLE PER 500 KmZ

- S— > v
)
| >
& ”,
5 ;. o+ v
o1}
a 3] R
o o
\ =3
Y o,

=)

o o o
\. i) hd

= o

QQ 2 5 5 .

. : o

+ <

<

3 - -
(&) ] \

N % 1820

—_

e b/ = ° & 7

<
WY




3"t ' &*

N NORGES GEOLOGISKE UNDERSOKELSE
K MIDTNORDENPROSJEKT MIDT - NORGE
s . .

STREAM SEDIMENT

1 SAMPLE PER 1Km?

1 SAMPLE PER 3Km?

1 SAMPLE PER 30 Km?

i

1 SAMPLE PER 50 Km?

e DETAILED STUDIES

)
' ol i12g
-, _'8 e
W ° >

=

2 —+ i
oo

o\ = % —

N — &8
et : &
A = 1 l-

et




3 o 5" (O y:* 8" 0

IS

NORGES GEOLOGISKE UNDERSOKELSE
MIDTN.ORDENPROSJEKT MIDT - NORGE

" STREAM WATER, -MOSS, - ORGANIC MATTER,

SOIL ORGANIC MATTER AND TILL;

\\

1 SAMPLE LOC. PER 30 Km?

SOIL ORGANIC MATTER
1 SAMPLE PER 18 Km?

'STREAM WATER AND TILL;

1 SAMPLE LOC. PER 50 Km? . 7* -
|

— ; ‘o"-—-- o*
LY 'Q-

N 3

w 6l .

. (00) /: >

-~ - k =

(1}

(13




i =

3

5 4

| IR 6|

~N ~
[=2d ~

BN SN ER

2ERE

A |

1=1=1

-

1

fet=1rzl=

§ =

S

=3 28 B I 8 I S 3

7 A AN A I I S
"\'vuﬁﬁ-‘umnuvunwn
Reun Vadve Kzn Kare
vare Lhkoy | 1yt makh'ﬂﬂ‘:
, S o P
Riks Abisks _Sop _fLanes B unnaluia
b._,‘.“( 1 pcro varra
L.
. S-uxv Ktbnpd- i y
Sup e Nikatea Kiruns Viangd Lanio § Hguks
) St Ed v i
248 Vinhure | Sarek -‘l"” ~,"”—<~b‘"|‘ I"_l‘m’ -Papa
Ll F—X Bydallef dsen 3’( o
£
= 1 L
27 Suly€ina Ksikk [idmo L Punus | Nara | Lans_} Korpi 16§ nein
,-:)H\ ns l Viﬁ M lombolp
S 1€ s
I -~ 11
26 Nasaf, Pice | a1 goay | JORK Ipuaek|rakem|- Over R Kaung °
- i kaite ik mokk kalix 6‘
= Tho Lk 1 oen b ek 1.0 L
&) Graisvrema A alog ! mds - ‘“] =t [Motke '—;f-‘-i:dﬁ Bode haranda
“ it v 'Ug Aaalot o j | }‘J
LI N + A=
. ] Swor | Arvids | Al Mrind ' —
24 Jwﬂ-‘ Tarma |Umnis [Sorselé ;i"” —.‘:u"‘% ‘by:\l— IJ_'L" ;‘—’ﬂm Maloren
e | i —
2) qr Famo | Dika | Sten "-'I ‘-1 1. quh e
Sipmghe Mall [ Norspo{Bohdeny Pvshe
“makke ] nas sele ~
- - ) () (e (N |
» >
2 Feodeken] Bar Vilhetn dRi ] ) ok [ Katv_f skelief [$ nnekar Mmoran
back [ ina sele | vack | wd !
H —— ."r’u ‘ P AT —“_7 . R >y niser C-—km!o‘d‘
21 | . (Al | 5
U 0 ors -
et _ — ; Regt wwitval
20 Skatsrupfy v:‘"l-- I'J‘RI;T 5‘\"‘1'(}' ned —{ Holinon
wn ' wyr : Y .
- — =t . - G‘ (2179 Y oelvif
19 rliend- Are~ (‘Hi H‘LX‘ F Rumden
J— B “1_ ulum .
- I I 4, 7 O O A
™o U Orickept inge s
R T e
Liunga | Sun farnosand
17 Fu Hede-f Ratan f- Ange $= F= 42 =
A S R
e T = T
16 JUbh L guey | KD 1 usda {Ber
dien | Hole |
- LA (R
LS A L
15 Ful | Sirma { Alvka  Voxna {Bollnas f-1{udiksvall
| .
SRR
14 N_Fin Salen-{ Mo Ritvik Ockel L s> yechamn
T
—_—F _"T SR LE 1 Osier
1) IMalung, ,N‘IM 4 Falun- H‘;/un 5 R— —
. hro : A rur 1
—i‘ X 44 —}*— -l‘r (—v1m dkallen
12 Tk sby U_‘““'Sﬁf!nd! -L_ud <.A}:MU p-DOUYT |(‘“r:| naslechamin
(i holm _:J ol vika | P '4( s
ey Y o 3% ‘.'-,J_',.q - - e
" Kommdn | Arviks] Munk | 7l'|'1|r Lindes |Vister [ Fn —T ]
u X fore | aeqd | berd 17 8 " [kopag 13 S:h,,m"
Svine — "“T’“ ""*“"""4"‘1 ‘—1 -+ '4;:‘ v t"‘
10] suwd A, ag ) Amil "f.l\:(‘j"t ‘K:)': - Dr-@% s T sy armdo Sventka
r L" - ,J - .A.{ 1 __;:_4 [ 1] Hu[;.uvu
g ] sucph Moale Asker | Fin [Kagnne| Ny
Sl T ! —,W g | bl Huvudskar
1AL A
R Ly aners Skara 7 Lin Gouky
[);, vﬂ Aoping, g rf koping Sandon
h—f— . ou " —
7 | Macl ) ’Uk Bords l;‘lh'{‘e "2 ;‘rl'nh —-/ ghshammr e
sitand \ir); min_. Ming [ i 0 -
! L= _Jr J;I ,___" 4_‘ e
K ¢ng¢ Gila Vet s Vis!
6 E (3 3 51’“ Taed Nisg |.\ndj' }'—Ikr Il
Varbe 4 VT"' :—I{: S S e Y‘ bud
5 Y My v:,‘;;- Vaxg - Aseds t:h"
aeet®y '~ i urge:
#E FT_TL n—Jlglr { o
4 n ar A’ ¥ mr,)_ Ly ', unsen
d iR d T ba
L o W _'I-'(L.. T\_A_',.
Hoganas wnp (R e s
\ 13 WS nuary Rasly
g toig - yad T hia§r TIToRA J"’"
| ) P 1 L._._
1 vy .
2 Mdno 1!"\{\' Simiens ,
s "“f_, ])uuu\ (E RIO IOLO 15:.‘ -JOO ZJSO hm
1
! Teellebory  Ysad Qrnahucen
73 A A R N N A AT I N A S I A

Rapport 88.21

Fig.



31 I I I I O S O A

o Kinna Niaupo )
T 1 Landd

0 il

Aok

(WITYE (| DA §

)2 . —ﬁ-‘ N
H Tltnkx K\numaruﬂrl(-'
3 Reun  Vadve | Rigo | N Kare N
[ vare ko | e [makka (o
w (S E T
30 Riks Abus ) = SOP fLanna utrvonal isu 30
-._J jiransc SR prio Vill'!
25 r Sitay |Kebne K . ! | T-v 1l 29
l" aure kaise \iruna v itang Ao v '
prosee = . o S !
28 Sarék Swea |Gl Gall_[Tarend Papa 28
: Buofallel| dsen | vare a
e ikk L P P A, e
27 Kvi Um0 | pe | Natw L Lane | Korp 1S S ngiein 27
-l pkk us L u:n i lombol
: g | : e
26 Jakk v | IRk dnurek .Over ] - 26
H ) vik mukk ] kalix
! An v | 7 =
25 CTrvTtT oz ] AT | Sten Moo bjusedets qwe 25
L__‘ nay E’-‘:Er el k.l __l_,_ = S
24 Tarna |Umnas [Sorselé ?g; L\:“'fd.i C)‘:’ : E“_ﬁ"“' 24
oerd e < ) -
Farmu | Dika | Sten —_I L B H
2.) S:prn r mskke Ads "l( Mali Nollpl n(‘hdrl k ‘— J )
2 e Kag Vil Lyck J_Ralv _ Skdl:ﬂ Roinnchar % 22
s back | wle [ "k orynsde naed
% o
lavsp fred |
L-u- : - Alanas ':k‘ L-/lmlrll\ ‘ =~ l "t ) 2]
< 1 —_r - 7-+— s
20 Skalsugh-f Kol __§ St Dyorifs P annas)- iy
»; y deen u ~ !l, V‘ i s Rf‘ r‘.(— 2
e ——1 —
- Orn —1 - L]
19 Stfilient- Are- Hnlﬁxl- . ‘h\;m xﬂj % ant ‘\3 19
VIL i
_.‘.__!.__. %_1 _1 L. - ) hﬂ
H] Raag 12
: 3
i o i &
Furasllen Hede-4 Riua 'A"S‘ Liunga | Sun ,._‘f'mu"d 17
X ] l LS. o Av!'tvk vl J‘ L—-{
T E T et
dre J Lbfs Sveg | Kir _ Ljusdal 16
ds{en L Jole
- —— =t
| i T BLE T 4
Fulufy Sarna { Alvha | Voxna {Bollnas 15
N.Fne - Silen Mo& Rlnnl{. O{:“l 14
| ~+_0___+ 94_ ~——4— e
DXby PMslung .\'w Falun{Hoforn | G s 1
. o ) Crundkallen
._L‘.‘;_._}__,+ ..._‘ﬁ._ pommd
Tahsby | Vdde dsapingf Lud vest % 1lchamn 12
" holn T vika oS
8 B 9 o S - _—
Kulv Amvika _Munlu j'ltp ) Lindee \.‘"H(l_l 3 L "
' fors ,jJ ber Ao 138 "”“m L
e} W TS Ty - > EA )
r . Kard I @ t ’] B
ag, “.An-li % qi“(:, (»)r@%m - armndo Svenska 10
A SN I Kl il Hogarn L
Suree ,‘lAu Agker | Lin” L)uinnc
[ J- '”‘EV [ﬁ"‘* Huvudskar 9
- ~ +—1 —
. Skars |- rid Lon [5]¢mhs 5
hoping kopiny, _]Smd(m
55 A__L‘ -
4 1-——1 o = ru f—‘ 1 il sl
Mar 5 . Boris ' ‘v\.( *rm!s . P i 7
AN h vainn &) =
-‘—}»—-—v (-—HT—_L‘L__. - [ -
Gdls Ve's [V Viet ’
e
5
et
Iy [Marka | Tings | | e unsten ‘
- [T T Tnd ke
N dp i G L o e h—J
Hoganas . [\.,.m,,T» Kadls .

i A
_"l‘(l«i‘ Sunriy QappOY‘t 88.21

Ity

20C 250 km
{ I — )

Teellcharg Yaad Ornahuven 9.

=

Al s T<ToT T rl(jlllllJJLKJL!hilNl I A



NGU-rapport 88.211
The Mid-Norden Project

Geochemistry subproject
Annual Report 1988

APPENDICES



J NGU

Postboks 3006 - Lade
7002 Trondheim
TIf. (07) 92 16 11
Telefax (07) 92 16 20

RAPPORT

NORGES GEOLOGISKE UNDERSOKELSE
Rapportnr. 88.211 ISSN 0800-3416 Apen/Borirla 6K
Tittel:

Annual Report 1988.
APPENDICES

The Mid-Norden Project. Geochemistry Subproject.

Forfatter:

B. Belviken, P. Ryghaug

Oppdragsgiver:

Midtnorden prosjektet

Fylke:
More og Romsdal

Sor- and Nord Trendelag

Kommune:

Kartbladnavn (M. 1:250 000)

Kartbladnr. og -navn (M. 1:50 000)

Forekomstens navn og koordinater: Sidetall: 33 Pris: ¢y 50,-
Kartbilag:
Feltarbeid utfort: Rapportdato: Prosjektnr.: Seksjonssjef:
23.01.1989 42.2495.07

Sammendrag:

Appendices to the Annual Report 1988.

Appendix 1: Minutes of a meeting in the Geochemistry Subproject in
Kuopio 16 September 1988.

Appendix 2: Minutes of a meeting of the Geochemistry Subproject in
Uppsala 24-25 November 1988.

Appendix 3: Detailled costs, Norway, Finland, Sweden.

Appendix 4: Proposal from SGAB: Analysis of humus samples collected
by the Nordkalott Project.

Emneord  Geokjemi Midtnorden prosjektet Plantergtter i bekker
Arsrapport Morene Bekkevann

Nordkalott prosjektet

Jordprofiler

Etasjemose




NGU-rapport 85.211
Appendix 1.
page 1.

MITTNORDEN PROJECT

Subject: Meeting of the Geochemistry Subproject
Date: 16 September, 1988

Time: 8.30-15.00

Place: Hotel Savonia, Kuopio Finland

PR Nty e ey
Present:éB?ﬁﬁﬁﬁggéﬁ’ M.Tenhola
G.Kautsky M.Andersson
G.Gaal P.Lahermo
R.Salminen M.-L.Rdisdnen
C.-A.Nilsson L.-M.Westerberg
P.Ryghaug P.Noras
M.Nikkarinen, secretary
MINUTES

1. Tenhola welcomed the participants.

2. ZKautsky reported on the present state of the project. The Nor-
dic Council of Ministers has supported half of the money, wnhich is
needed for the travelling costs to project meetings of the Mid-Nor-
den Project the next year. The rest of the money must be financed
by the Geological Surveys. Although funds are not yet available
(especially NGU and SGU), Kautsky encouraged to fullfill the plan-
ning. The annual meeting of the Mid-Norden Project will be held in
Uppsala 24-25.11.1988. The schedules and planning of subprojects

will then be coordinated.

3. Bolviken informed about the plans of the Western European Geo-
logical Surveys (WEGS). The working group on regional geochemical
mapping has made a proposal for making an orientation survey
1988-1989 which is accepted by the directors. Decision of the map-
ping will be made on the bases of this pilot study. Overbank sedi-
ments will be taken in the WEGS project, therefore overbank sedi-
ments are not included in the Mid-Norden project.

4. Tanskanen reported on the meeting of the environmental subpro-
ject. This subproject will utilize the information produced by the
other projects. The main objective of the environmental project is
to interprete the produced information and transform it into an
understandable form for users. This subproject wishes that other
subprojects will take into consideration the demands of environmen-

tal geology.

5. Bblviken gave statement on the excursion of the geochemical
subproject 12.-15.11.1988 and introduced the project proposal for
the geochemical subproject. It is desireable to continue with

the same methods as the Nordkalott Project, but this is not

possible with all details.

6. There were given presentations of groundwater geochemistry by
P.Lahermo and image processing of intergrated geochemical informa-

tion by P.Ryghaug.
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DISCUSSION and CONCLUSIONS

The proposal was treated page by page and necessary improvéﬁents
and corrections was made (see enclosed proposal). The details and
time schedule will be further discussed in annual meeting in Uppsa-
la.
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Subject: Meeting of the Geochemistry Subproject

Date: 24-25 November 1988
Place: RGU, V.llavegen 18, Uppsala, Sweden
resent: B. Bglviken M. Tenhola
C. A. Nilsson P. Ryghaug
M. Nikkarinen M. Andersson
A. Steenfelt P. Noras
H. Ressar
MINUTES

In connection with the annual meeting og the Mid-Norden project at SGU,
Uppsala, a geochemical workshop was held.

The subproject leader Bjgrn Bglviken, opened the meeting by giving a plan
for the workshop.

Two guests were invited to give a short presentation of their work, which
would be of interest for the project:

- Ake Ruhling, Univ. of Lund; A survey of atmospheric heavy metal
deposition in terrestrial moss.

- Jan Magnusson, SGAB; Miljggeokjemisk atlas gver Nordkalotten.

The agenda was accepted by the perticipants as:
2l oct. 1988

Working plan

Summary of Proposal (B. Bglviken)

. Terrestrial Moss (A. Ryhling)

Plan for the geochemistry subproject
- sampling

- analysis

- map preparation

- interpretation

Organisttion, funding

Preliminary conclusions

S o e

-~ W
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25 oct. 1988

Summary of conclusins from 24 oct.
Suggesiions from SGAB (J. Magnusson)
Marine genlogy {(visit by Ingemar Cato)
Discussicn conclusions

I~ NP

Conclusiors.
Sampling of <=rrest:ial moss at the soil profile sites

should be included in the proposal. The moss samples should be analyzed in
cooperation with Dr. Ryhling, and the cost not included in the HMid-Norden

project.

An alternative 3, including only soil profile sampling at 1 sample site per
300 km, was suggested in order to reduce the requirements for funding.

The analytical results should bhe presented on maps at an A3 format and a
scale of 1:5 mill, and on two interpretation maps at a scale of 1:1 mill.

It is nessesary to extend the time schedule for the project to 1994, which
requires corrections of the estimation of cost for all alternatives.

The analytical methods for each type of sample were discussed, and is
included in the project plan (appendix 3).

Budget alternatives summary of all three countries mere calculated and is
shown in the table beneath.

Budget alternatives summary (Norway, Finland and Sweden)

Costs (in NOK X 1000)

Alt. 1 Alt. 2 Alt. 3
Planning 1.26% 843 h35
Nordie travel 1.006 1.006 550
Fieldwork 9.632 3.U57 2.669
Analysis 10.269 3.3h9 2.166
ADB/map prod. 2.317 1.509 810
Report/print. 2. 429 . 2.011 8h2
Sum 26.998 12.175 7.h72

The geochemistry subproject expresses interest in a collaboration with the
marine geology subproject which includes sediment sampling in the Botnian
Bay. Hovewer this have to be dicussed further, because it will increase the

costs.

.

Per Ryghaug
14.12.88
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Detailled costs
Norway, page 1-4
Finland, page 5-7

Sweden, page 8



NGU-rapport 88.211

Appendix 3,
page 1.

NORWAY

THE NORWEGIAN BUDGET ESTIMATES

ALTERNATIVE 1. (ALL SAMPLING MEDIA, 1 SAMPLE SITE PER 50 km?)

Years 1988 1989 1990 1991 1992 1993 1994 SUM
Planning 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.8
Fieldwork 1.3 1.2 2.5
Analysis 3.0 3.0 6.0
Data Processing 0.2 0.5 0.3 1.0
Map production 0.2 0.5 0.8 1.5
Reporting 0.5 1.5 2.0
Sum 0.1 1.5 1.3 3.1 3.5 1.6 2.7 13.8
Costs

(in 1000 Nkr.) 1988 1989 1990 1991 1992 1993 1994 SUM

Salaries:

Planning 45 90 L5 45 45 45 45 360
Prep. fieldwork 4o 15 55
Fieldwork 370 370 Tho
Analysis (internal) 1150 1150 2300
Data proc./map prod. 140 350 375 865
Reporting 160 480 6L0
Other costs:

Nordic travel 30 80 80 80 80 80 100 530
External analysis 250 250 500
Fieldwork travel 500 500 1000
Materials 115 115 100 100 430
Data Processing 50 100 50 200
Printing 300 300
Sum 75 1195 1125 1525 1715 835 1450 7920
SUMMARY

Costs

(in 1000 Nkr.) 1988 1989 1990 1991 1992 1993 1994 SUM

Planning L5 130 60 45 L5 45 L5 415
Nordic travel 30 80 80 80 80 80 100 530
Fieldwork 985 985 1970
Analysis 1400 1400 2800
ADB/map prod. 190 550 525 1265
Reporting/printing 160 780 9ko

Sum 75 1195  112% 1525 1715 835 1450 7920
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NORWAY

ALTERNATIVE 2. (ALL SAMPLING MEDIA, 1 SAMPLE SITE PER 300 km?)

Years 1988 1989 1990 1991 1992 1993 194}k SUM
Planning 0.1 0.1 0.1 0.1 0.1 0.1 6.1 0.7
Fieldwork 0.4 0.4 0.8
Analysis 0.9 0.9 1.8
Data Processing 0.2 0.4 0.2 0.8
Map production 0.2 0.2 0.4 0.8
Reporting 0.5 1.0 1.5
Sum 0.1 0.5 0.5 1.0 1.4 1.2 1.7 6.4
Costs

(in 1000 Nkr.) 1988 1989 1990 1991 1992 1993 1994 SUM
Salaries:

Planning L5 45 L5 L5 s 45 L5 315
Prep. fieldwork 25 10 35
Fieldwork 90 90 180
Analysis (internal) 350 350 700
Data proc./map prod. 190 190 130 510
Reporting 160 320 480
Other costs:
Nordic travel 30 80 80 80 80 80 100 530
External analysis 40 40 80
Fieldwork travel 200 200 L0o0
Materials 65 65 80 80 290
Data Processing 25 50 25 100
Printing 200 200
Sum 75 505 490 515 730 605 900 3820
SUMMARY

Costs

(in 1000 Nkr.) 1988 1989 1990 1991 1992 1993  199Y SUM
Planning 45 70 55 45 45 45 L5 350
Nordic travel 30 80 80 80 80 80 100 530
Fieldwork 355 355 710
Analysis 390 390 780
ADB/map prod. 215 320 235 770
Reporting/printing 160 520 680
Sum 75 505 490 515 730 605 900 3820
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NORWAY

ALTERNATIVE 3. (SOIL PROFILES ONLY, 1 SAMPLE SITE PER 300 km?)

Years 1988 1989 1990 1991 1992 1993  19hk SUM
Planning 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.7
Fieldwork 0.6 0.6
Analysis 1.0 1.0
Data Processing 0.2 0.1 0.1 0.4
Map production 0.1 0.1 0.1 0.3
Reporting 0.1 0.5 0.6
Sum 0.1 0.7 1.1 0.3 0.1 0.3 0.6 3.4
Costs

(in 1000 Nkr.) 1988 1989 1990 1991 1992 1993 1994 SUM
Salaries:

Planning 30 Lo 30 20 20 10 10 160
Prep. fieldwork 20 20
Fieldwork 110 110
Analysis (internal) 390 390
Data proc./map prod. 100 35 70 35 240
Reporting 35 150 185
Other costs:
Nordic travel 30 Lo 4o 40 Lo Lo 50 280
External analysis 80 80
Fieldwork travel 320 320
Materials 70 30 20 20 30 170
Data Processing Lo 20 10 10 80
Printing 100 100
Sum 60 600 540 230 135 185 385 2135
SUMMARY

Costs

(in 1000 Nkr.) 1988 1989 1990 1991 1992 1993 199} SUM
Planning 30 60 30 20 20 10 10 180
Nordic travel 30 Lo Lo Lo Lo Lo 50 280
Fieldwork 500 500
Analysis k70 L0
ADB/map prod. 170 75 100 75 420
Reporting/printing 35 250 285
Sum 60 600 540 230 135 185 385 2135
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NORWAY

TOTAL RESOU'RCE REQUIREMENTS FOR THE NORWEGIAN SUBPROJECT

GEOCHEMICAL MAPPING ALT.1 ALT.2 ALT.3

TOTAL RESOURCE REQUIREMENTS 7920 3740 2135

ALT.1 ALT.2 ALT.3
Fieldwork in

Nord-Trgndelag 370 150 100
NGU Salaries 4590 2140 1100
4960 4960
2290 2290
1200 1200

FINANCIAL REQUIREMENTS 2960 1450 935
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FINLAND
2. <
Sampling density 1/50 km (till, water and roots) and 1/300 km
(soil profiles and moss) .

Years 1948 1989 1990 1991 1992 1993 1994 Sum

m/y mfy wm/y mn/y mfy mfy wmfy mfy
Planning 0.2 0.3 0.3 0.3 0.1 0.1 0.1 1.4
Pilot studies 0.2 0,2
Combin. of till samples 0.1 0.1
Filield work 1.7 3.9 5.6
Analysis 0.1 5.0 5.0 10.1
Data processing 0.1 0.1 0.1 0.3
Map production 0.1 0.2 0.1 0.4
Reporting 1.0 1.0 2.0
Sum 0.2 2.4 4.2 5.3 5.3 1.4 1.3 20.1
Costs (x1000 FM)
Salariea:
Planning 36 54 54 54 18 18 18 252
Pilot studies 36 36
Prep. field work 13 36 49
Field work 183 420 603
Analysis (internal) 15 1311 1311 2637
Data proc./map produc. - 32 49 32 113
Reporting 180 180 360
Other cosgts:
Nordic travel 18 30 30 30 30 30 30 198
External analysis 216 144 360
Fleld work travel 170 420 530
Materials 75 75 10 10 10 180
Data proc./map prod. 71 108 71 250
Printing 150 150
Sum 67 599 999 1611 1616 395 491 5778
SUMMARY
Coste (X1000 rim) LYBY 1yyY 194U 1991 1892 1993 1994 Sum
Planning 49 126 54 54 18 18 18 337
Nordic travel 18 30 30 30 30 30 30 198
Fieldwork 428 915 1343
Analysis 15 1527 1455 2997
ADB/map prod. 113 167 113 393
Reporting/printing 180 330 510

e I S Y W D M B D B GE SER M MBS B8 SR S e o et M AR S S v e . A M SR D o A e e St A S Sy W G B G M A S AR MR D vt s gy A B D B G A e e Gt S
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FINLAND
. . 2 . mosg
Sampling density 1/300 km (soil profiles, rqots, water and - )
Years 1988 1989 1990 1991 1392 1983 1994 Sum
m/y w/y w/y mfy mfy m/y wmfy mfy
Planning 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.7
Pilot studies 0.2 0.2
Field work 1.6 1.6
Analysils (+sample prep.) 0.2 2.3 2.4 4.9
Data processing 0.1 0.1 0.1 0.3
Map production 0.1 0.1 0.1 0.3
Reporting 1.0 1.0 2.0
Sum 0.1 0.5 1.7 1.8 2.1 1.3 1.3 10.0

Costs (x1000 FM) 1988 1989 1980 1991 1982 1993 1994 Sum

A S A WD A St ey e G T S e S S Sy g M g M M S AR A S AL e e e oy P TER W MG P W Yy e Gar v S e fae B ey G I NS Em S MR U Sma WU A G e

Salaries:

Planning 18 18 18 18 18 18 18 126
Pilot studies 36 36
Prep.field work 5 9 14
Field work 168 168
Analysis (internal) 15 485 521 1031
Data proc./map produc. 16 48 32 96
Reporting 180 180 360
Other costs:

Nordic travel 18 30 30 30 30 30 30 198
External analysis 180 180
Fleld work travel 177 177
Materials 850 5 5 100
Data proces./map prod. 66 67 67 200
Printing 130 130
Sum 41 108 483 723 651 348 462 2816
SUMMARY

Costs (x1000 FIM) 1988 1989 1990 1991 1982 1993 1994 Sum

S e S e S SN S e G D M G R SIa g e R N M AR VR S g R S PP G D SN b s MY S s S B M v My GmS YE M SO M S GRS Mm e MR R M S S SRR M A S AR e e MR S e mm s S

Planning 23 63 18 18 18 18 18 176
Nordic travel 1B 30 30 30 30 30 30 198
Field work 435 435
Analysis 15 675 521 1211
ADB/map prod. 82 120 104 306
Reporting/printing 180 310 490

D Ve D D e e e SR e e (eA M D R S A ST S S e PR S M G BB wh e v W Ge0 Gt e R G D MM My M G S e S NN M e S S USRNSSR A e e me

A S e bev S e M S et S S A e G Sy S e\ S . A $A Gy GV U AN G0 GO N GN (e Gmh S M mm B W S e Gmt S e S M b R M Get M e GAA M M Y R e SR AR e e A



Appendix 3,

page 7.
FINLAND
.
Sampling density 1/300 km (soil profiles and moss)
Years 1988 1989 1990 1991 1992 1993 1994  Sum
m/y m/y =fy m/y w/y m/y mfy mfy
Planning 0.05 0.1 0.05 0.05 0.05 0.05 0.05 0.4
Pilot studies 0.2 0.2
Fiald work 1.0 1.0
Analysis (+sample prep.) 0.2 3.7 3.9
Data processing 0.1 0.1
Map production 0.1 0.1 0.2
Reporting 0.5 0.5 1.0
Sum 0.05 0.5 1.05 3.75% 0.05 0.65 0.75 6.8

Costs (x1000 FIM) 1988 1989 1990 1991 1992 1993 1994 Sum

- v O D GED AU NS STS W e . G A M v N — Wy - —— e = e Al M St A M S e S T o T et o wh D G D G UV SN GRS Sne e NS B M Y ey Gew v Gae S S

Salarivg:

Planning 9 1B 9 9 9 9 9 72
Pilot studies 36 36
Prep. field work 10 10
Field work 103 103
Analysis (internal) 15 856 871
Data proc./map produc, 16 32 48
Reporting 80 80 180
Other costs:

Nordic travel 18 15 15 15 15 15 30 123
External analysis 144 144
Fleld work travel 142 142
Materials 20 10 5 35
Data proc./map prod. 34 68 102
Printing 65 65
Sum 27 94 289 1024 24 174 299 1931
SUMMARY

Costs (x1000 FIM) 1988 1989 1990 1991 19%2 1993 1994 Sum
Planning 9 64 9 9 9 9 9 118
Nordic travel 18 15 15 15 15 15 30 123
Field work 265 265
Analysis 15 1000 1015
ADP/map prod. 60 105 165
Reporting/printing 90 155 245

— San Gt vt B wn ke WD D WP PV SN S S e et G Pt e D T (my S W ey P i e S A MR ML AT e e S et S e S S M Gy e M mm B W v e O MAS M dms e S e S

e —— L S0 D W0 S N P PV S e e A RIS an e e S v s e AL e ML G s e A S SR RS e S o e T G en e e B e e e b i O G G OF BB W R S e e e e e
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SWEDEN

SWEDISH COSTS FOR SUBPROJECT GEOCHEMISTRY x1000 SKR

'Density

1/50 km

1/300 km

1/300 km?
€111

Planning
Nordic travel
Fieldwork
Analysis
Comput/mapprod
Report/print

Sum

540

250

2885

5655

440

250

1385

2250

350

250

760

1750
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SVERIGES GEOLOGISKA AB 1988-11-22
Division Ingenjorsgeologi

Avd Mark & Vatten, Uppsala

Jan Magnusson

MILJOGEOKEMISK ATLAS OVER NORDKALOTTEN

FORSLAG TILL ANALYS AV HUMUSPROV INSAMLADE 1980-83

Bakgrund

Féreliggande projektfdorslag syftar till att med hjdlp av kemisk analys
av redan insamlat provmaterial framstdlla en geokemisk miljoatlas Gver
Nordkalotten. En sadan miljoatlas skulle ge viktig information rorande
den aktuella miljosituationen for Europas "sista" och mest opaverkade
vildmarksomrade samt utgora ett nodvand1gt referensmaterial for fram-
tida studier av miljoforandringar inom omradet. Projektet bor genom-
foras som ett internordiskt samarbetsprojekt inom ramen for Nordiska
Radets styrgrupp for miljomonitoring.

Under aren 1980-83 insamlades fem olika geokemiska provtyper frdn dver
7000 provstationer inom ett 250 000 km2 stort omrdde omfattande stdrre
delen av landarealen norr om 66:e breddgraden i Finland, Norge och
Sverige. Arbetet utfdordes inom ramen for Nordkalottprojektet (1980-87),
som var ett samarbetsprojekt melian de geologiska undersdkningarna i de
tre ldanderna och med stod av Nordiska Radet. Projektets ma]sattn1ng var
att genom berggrundsgeologisk, geokemisk, geofysisk och kvartdargeolog-
isk kartering definiera malmforande strukturer och formationer inom
Nordkalotten. Inom delprojektet geokemi analyserades for detta dndamal
fyra av de insamlade provtyperna - mordn, backsediment, organiskt
backmaterial och akvatisk backmossa. Resultaten fins redovisade i
publikationen "Geochemical Atlas of Northern Fennoscandia" (B.Bdlviken
et al.), som kan erhdllas genom respektive geologisk undersdkning.
Exempel pa kartor ur publikationen visas pa Fig 1-4.

i samband med provtagninyen av de inom projektrauen budgeterade geoke-
wiiska provtyperna insamlades dven prov av organiska nedbrytningsproduk-
ter fran markens ytskiit s.k. humus i samtliga provtagningsstationer.
Insamlandet skedde efter en intern Overenskumnelse mellan de inblandade
organisationerna av ren framsynthet dd det ir transporterna som stdr
for de hogsta kostnaderna i ett storregionalt och glesmaskigt provtag-
ningsprogram. Ndgon kemisk analys av humusproven rymdes inte inom
budgetramen for Nordkalottprojektet varfor provmater1a1et torkades och
lagrades genom respektive organisations forsorg i syfte att i storsta
mojliga man forhindra kemiska fordandringar vid en eventue11 ldangre
lagring.
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Humus bestdr av kemiskt komplexa organiska nedbrytningsprodukter frdn
framst vdxter som ligger som en matta Over m1nerd130rden I omraden som
dar mindre paverkade av svavel- och kvdvedeposition rader jamvikt i
humuslagret mellan tiliforsel av doda vdaxtprodukter och nedbrytning och
urlakning av organisk substans. Metaller som tas upp av vdxternas
rotter fran marken inkluderas i det biogeokemiska kretsloppet ddr
humuslagret utgor en mellanstation och ett reservlager for vdxtessen-
tiella huvudndaringsdmnen och metaller, dven dessa i jdmvikt mellan
tillforsel och urlakning. Om jamvikten rubbas genom t.ex. deposition av
forsurningsframkallande dmnen eller av tungmetaller fordandras den
kemiska balansen i humuslagret. Denna kemiska balans ar forutom karak-
taren och storleken av den atmosfariska depositionen framst beroende av
mineraljordens innehall av mobiliserbara dmnen, mineraljordens textur
och tjocklek, typ av biotop samt hydrogeolog1ska forhallanden.

Ett kemiskt analysforfarande utfort enligtprojektbeskrivningen av
humusinaterialet frdan Nordka]ottprojektet i kombination med en statis-
t1sk utvarder1ng och samtolkning med dvriga analyserade provtyper fran
omradet som mordn och organiskt bickmaterial (Nordkalottprojektet) samt
husmossa (Nordiska Radet-miljomonitoring) skulle ge mycket vdrdefull
information betrdaffande:

- Den allminna miljosituationen for ett omrade som generelit

‘ sett bor vara ett av Europas minst m1130paverkade Nordka-
Tottomradet kan ddrvid fungera som referensomrade for mil-
joundersdokningar som utférs inom de mer paverkade delarna av
sodra Norden genom att ge information om naturliga haltvaria-
tioner for metaller i marken samt balansen mellan olika
meta]]er i mineraljorden, vattnet, luften och humuslagret.Ex-
empel pa paverkan av den akvat1ska miljon fran punktkaitor
med tungmetallemission visas pa fig 1 och 2 ldngst uppe i
nordist mot grdnsen till Sovjetunionen ddr bdckmossa och
organiskt bdckmaterial tydligt uppvisar forojda kobolt och
nickelvarden jamfort med motsvarande mordnkartor (Fig 2-3)
som visar metallernas naturliga variation.

- Hur mycket tungmetallemissionen frén punktkdllor har paver-
kat miljon for vdxterna. Exempel pa kanda punktka]]or som
paverkar miljon inom nordkalotten dr smdltverken i Murmansk-
omrdadet och Tornio samt gruvverksamheten i Kemi, Kiruna,
Gallivare och Sulitelma. Kartor over mossana]yser som visar
depositionen av tungmetaller i Norden visas pa Fig 5-10.

- Hur mycket svavel- och kvdvedepositionen har paverkat miljon
for vaxterna inom Nordkalotten.

- Skogsmarkens naringsstatus. Miljoatlasen kan tjdna som ett
storr~g1ona1t planeringsunderlag for bonitetsforbdttrande
atgdrser i form av exakt avvigda vitaliseringsgivor.

- Ref:renshalter for aren 1983-83. Sddana referenshalter dr
helt nddvandiga for att ungersdkningar av eventuellt pdgdende
miljoforandringar ska kunna genomfdras.
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Projektets innehdall och yenomforing

Provberedning
I syfte att reducera analyskostnaderna och utjamna eventuella lokalt
betingade variationer slas narliggande prover samman till ett sammel-
prov enligt ett i Nordkalottprojektet redan utarbetat och tillampat
cellsystem. Hirvid reduceras provantalet frdn 7142 till 1096.
For 30 slumpvis utvalda celler gors provsammanslagningen tva gdnger
varvid 30 dubbelprov eller duplikatprov erhdlles som 1 sin tur efter
homogenisering delas i ett duplikat och ett triplikatprov. Syftet med
detta forfarande ar att bestdmma metodfeiet for de olika analysfor-
farandena uppdelat pa ett provberedningsfel och ett analysfel. Direfter
forses samtliga prov inklusive replikatproven med slumptalsnummer for
att undvika att eventuella systematiska ana]ysfe] biir regionalt ur-
skiljbara. Det totala 8rovanta1et for analys uppgdr dirmed till 1156,
Proverna torkas vid 80" till konstant vikt.

Speciell provberedning och kemisk analys

pH 1) Till 25 gram humus tillsdattes 50 m1 0.2 M KC1.

2) Extraheras i vridmaskin i tva timmar.

3) Efter sedimentation och dekantering samt for grumliga prov

centrifugering bestams pH med tva decimalers noggrannhet.
Ntot Enligt Kjeldahl.
S04
Bestamning av utbytbara metalljoner genom extraktion med neutralt
ammoniumacetat
- Provberedning enligt bilaga 1, analys pa ICP-MS enligt be-

skrivning i avsnittet om ICP-MS och analyserade element
enligt Tabell 1.

Bestdmning av utbytbara vdatejoncr genom extraktion med neutralt am-
moniumac-=tat

- Enligt bilaga 2.

Bestamning av metalljonmittnadsgrad

- Enligt bilaga 3.

Bestimning av organiskt bundna metaller

- En noggrant invagd mangd av humusprovet behandlas i ett
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specialkonstruerat system for mikrovagsuppldsning av typ CEM
MDS-81D. I detta system forsdtts proverna med 2 M HNO3 i
slutna behd@llare av PFA-teflon varefter uppvirining sker med
hjalp av mikrovagor. Denna relativt nya teknik har flera
fordelar framfor konventionella metoder for 1naskn1ng/upp—
1gsning av fasta prover. Att processen forsigar i slutna
system innebdr dels att risken for kontamination av Tuftburna
partiklar elimineras, dels att man undgdr forluster av flyk-
tiga element (bor, arsen1k kadmium, kvicksilver m f1).
Tryckforhojningen i beha]]aren medfor vidare, tillsammans med
den mycket effektiva mikrovagsuppvarmningen, att metoden blir
mycket snabb. Behallarmaterialet, PFA-teflon, har for spar-
metallanalys basta mojiiga egenskaper

Vid syrabehandlingen nedbryts det organiska materialet och de
ti1l detta bundna elementen gdr i 16sning. 1 humusproverna
ingdende minerogent material forblir daremot nastan helt
ouppldst och avskiljes genom filtrering.

Analys med plasma-masspektrometri ICP-MS

Bade de ammoniumacetatextreherade och de i mikrovégsugn salpetersyraex-
traherade proverna analyseras med ICP-MS. Analysen gors med anvandning
av s k inre standard for uppnaende av basta mojliga noggrannhet och
stabilitet. Av Tabell 1 framgdr vilka element som dr foreslagna for
analys av humusproven utav de totalt 75 grunddamnen som sekvensiellt kan
analyseras av instrumentet. Som framgdr av Tabell 1 dr analyskdnslig-
heten for flertalet element synnerligen hog och vida Overlagsen den som
kan uppnas med exempelvis rontgenfluorescens (XRF) eller plasmaemis-
sionsspektrometri (ICP-AES). Noteras bor att de i tabellen uppgivna
detektionsgrdnserna ar uttryckta i g/g av torrvikten. For exempelvis
vattenprov okas kansligheten ca 50 ganger.

Den hoga kdnsligheten i analystekniken stdller hoga krav pd renhet i
provhantering och ]aborator1em1]Jo for undvikande av kontamination. FOr
att uppfylla dessa krav maste laboratoriet utnyttja sirskild teknik
sdsom renrum, hogeffektiv luftfiltrering och utrustning for 1angtgaende
rening av vatten och syror,

Utvdrdering och presentation

Projektorganisation

Tid91an

Kostnadsspecifikation
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TABELL 1. Foreslaget analysprogram pa ICP-MS fOr humusprover med un-
gefarliga detektionsgrdnser for elementen uttryckta i g/g torrvikt.
Detektionsgrdnserna ar baserade pa en provmingd av 0.5 g till en slut-
volym av 25 ml.

Element Detektionsgrdans ( g/g DW)

Al aluminiun 0.005
As arsenik 0.005

8 bor 0.005

Ba barium 0.005

Be beryllium 0.005

Br brom 0.5

Ca kalcium 5

Cd kadmium 0.005

Co kobolt 0.0005
Cr krom 0.005

Cs cesium 0.005

Cu koppar 0.005

Fe jarn 0.5

Hg kvicksilver 0.005

I Jjod 0.005

K kalium 5

La lantan 0.0005
Mg magnesium 0.005

Mn mangan 0.005

Mo molybden 0.005

Na natrium 0.005

Ni nickel 0.005

p  fosfor 0.5

Pb bly 0.005

Rb rubidium 0.005

S svavel 50

Sm samarium 0.005

Si kisel 5

Sr strontium 0.005

Th torium 0.0005
U wuran 0.0005
V vanadin 0.005

in zink 0.005
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ARSENIC 1885

ABOVE
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UNDEFINED AREA

Fig. 13: Arsenic {As) in moss in 1985 {ng/g d.w.).
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CADMIUM 1885

ABOVE  0.70

0.60 — 0.70
0.50 — 0.60
0.40 — 0.50
0.30 — 0.40 A\
0.20 — 0.30
0.10 — 0.20
BELOW  0.10

UNDEFINED AREA

o TR

Fig. 14: Cadmium (Cd) in moss in 1985 (ug/g d.w.).
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COPPER 1885

24.0
- 24,0
- 20.0
- 16.0
- 12.0
- 8.0
0O - 4.0
BELOW 2.0

? ' UNDEFINED AREA

Fig. 16: Copper (Cu) in moss in 1985 {ug/g d.w.).
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Fig. 15: Chromium (Cr) in moss in 1985 (ug/g d.w.).
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IRON 1985

in mass in 1985 (pg/g d.w.).
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Fig. 17: tron (Fe
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NICKEL 1985
ABOVE 14.0
12.0 — 14.0
10.0 — 12.0
8.0 — 10.0
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BELOW 2.0

UNDEFINED AREA

Fig. 19: Nickel (Ni) in moss in 1985 (ug/g d.w.).
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6.1 BESTAMNING AV UTBYTBARA METALLJONER GENOM EXTRAKY 1N
MED NEUTRALT AMMONIUMACETAT

Markens innchdll av utbytbara {(adsorberade) + 1l8sta *ccir. wr
bestims { allminhet genom extraktion med neutralsaltlé i
av en sd hdg katjonstyrka, att provets adsorberade katjoner
f&rtrinc; och erhilles { extraktet. ! M ammoniumacetat, pH
anpassat 7,00, har stora fdrdelar som extraktionsmedel ger
temot flertalet ¥vriga neutralsal+idsningar. Genom god pH-
stabilitet (buffrande effekt) kan extraktet dven anvidnda:s
f8r analys av utbytbara + l8sta vitejoner, vilket mbjliggdr
en berdkning av metalljonmittnadsgrad. Katjoner extraha: -
bara med ammoniumacetat anses ungeflérligen motsvara -

rekt vidxttillgdngliga fraktionen i marken.

6.1.1 BEREDNING, INDUNSTNING_OCH_AVRYKNIN

Reagens och l¥sningar:

cl .
NH4AC, 1 M, pH 7,00 (pH justeras med’NH] resp. HAc)

HNOJ, konc.
HC104, konc.

Utfbrande:

1) Vdg in 25,00 gram frisk finjord i 250 ml plastfi.

2) Tillsdtt med pipett 100 ml 1 M NH Ac-16sning. Aven m:in:
ett blindprov med 150 ml NHyAc-18sning.

3) Extrahera { vridmaskin 2 timmar. F&r prov med =

halt erfordras lingre extraktionstid.
4) Filtrera (filtrerpapper 1 F).

5) Uttag 10 ml av filtraten och bestdm pH med 3 deco

Se vidare mom. 6.2

n) Uttag med pipett 50 ml av tirleraten (aven Lilando
som Overfdres i JOu ml vidnalsodde frleamoveriol o

dunsta till torrhet i torkskdp med flant (10570

7} Till de indunstade proven satzes 10 m! av on bla
ning bestdende av konc. HHOy + konc. 2010,
oo
Vi LIOVErnG forsve LGL ULGLAL L. luen, avi ..

allefdr snabb avdunstning och uppsluts sedan i dr ...
pd en virmehill med svag virme under ca 2 timmar 2l:.:
tills proverna dr svagt gula.

Obs! Nitrdsa gaser bildas under detta moment!

9} Proverna indunstas tills ca i nm) iterstar genom att -

glasen tas bort och virmen héjs.

10) L8s indunstningsresten i lite demin. vatten och Overfor
till 100 ml miitkolvar. Sk&lj erlenmeyerkolven 2-2 ggr
med lite demin. vatten och 8verfdr &ven detta till mit-
kolven. Spdd till mirket. Blanda. De si erhillna stamex-
trakten fbrvaras med pisatt propp pd sval plats.



6.2 BESTAMNING AV UTBYTDRARA VATEJONER GUNOM LN, flrlon
MED NEUTRALT AMMONIUMACETAT

De allra flesta naturjordar { Skandinavien uppvisar pli-varden

som undenstiqer 7,00. Den rcellt utbytbara “vdtejommingden”
ir dd8rfdr ligre 4n den som erhdlles vid en anmoniumacetatex-
traktion. Under extraktionens gdng protolyseras svaga orga-
niska syror, aguo-aluminjumkomplex ctc. Det erhdllna resul-

‘o

1iggg®dr en berarn::ing av hur stor del av den-totala mingden
utbytespositioner ;% markkolloiderna som dr blockarade av
"vidtejonrer"” och aquoaluminiumkomplex,, vilket har betydelse
exempelvis vid berdkning av erforderliga mingder vid kalk-
ningsfdrsdk o. dyl.

Hdr nedan anges tvd olika metoder att bestdmma “"vitejcrnming-

der” i filtrerade ammoniumacetatextrakt.
Utvdrdering av_kalibreringskurva,

1) 50 ml ammoniumacetat uttages frdn ett filtrerat blindprov
frdn mem. 5.1.1 och titreras med smd tillsatser 0,100
M HC1,

2) Efter varje tillsats sker noggrann omrdrning varefter
pH avldses. {Obs. pi avlises dven efter O ml tillsats).

3) Fdljande tillsatser rekommenderas:

Volymintervall (ml} Tillsats (ml)
0-2 0,5
3-10 1,0
11- 2,0
Totalt till..ittes normalt 20 ml. Ingdr extremt sura prov-

‘

er { materials, r ex mdrmaterial) kan 30 ml tillsats

bli nddviéndiqg.

4) Samhdrande vidrden pd pH och tillsatta "vidtejonmingden”
uttryckt i mekv/liter inprickas i ett diagram (milli-
meterrutat papper).

stet kan docck sdgas ha ekologiskt intresse eftersom det moj-

e L L L L T Y FLCE TR PR ST SRR

Detta innebir alltsh awt for var .-

Ltrts av 0,100
M HCL miste en spidningskorrckiion srirae

fhree rnprick-
ningen i diagrammet.

6) pH i de filtrerade provextrakten frdn mom. 6.1.1 mites
pd smd delvolymer, som sedan kastas (kalium{Sro-~
rening). 7 det ovan beskrivna diagrammet avidses dir-

pd filtratens "vitejonkoncentration® : mekv/liter,

Utrdkningar: V&tejonkonc. uttryckt scm -8 frisk fin-

-

jord eller pekv/g torr finjord.

Invdgd frisk finjord: 25 gram
Tillsatt NH4Ac-155ninq: 100 ml

Finjordens vattenhalt: 8 % (enl. mom. 2)

Invigd markvitska: 25:8 =0,258 gram (ml}
100
Extraktionsvitska + markvitska: L N

Avlidst vitejonkonec. { titreringskurvan: ¥ merw/

Ticer

K. 1 . 1000 . 100 + 0,25 8 . K (160 + 0,25 8)
75 TCOU = 23

Vitejonkonc.: pekv/g torr finjorg:

K.l . 1000 . 100 + 0,25 2 . 100
2 T ~aTT

IYIATR)

SR 5,28

.
'

*/1 9bed
‘v xlpusaddy



6.3 BESTAMNING AV MUETALLJONMATTNADSGRAD

FOr berdkningen anviindes de virden pa Na+, K+, Cazt Mg2+

och H” 1 ymol/g toryr finjord som erhdllits i mom. 6.1 och
6.2, omridknade till mikroekvivalenter {pckv) . For de en-

vdrda jonerna galler hdrvid, att 1 pmol = 1 pekv, fo6r de

tvavdarda att 1 jmol = 2 pekv.

vekv metalljoner . 100
pekv metalljoner + vatejoner

metalljonmédttnadsgrad
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