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Abstract

In connection with prospecting for uranium ores in northern

Sweden a peat bog, situated 4. 5 km NW of Masugnsbyn, Norrbotten,

Sweden and showing a remarkable content of uranium, was discovered.

Closer investigation of several samples of the peat indicated that the

comparatively high content of uranium and radon was connected with the

occurence of radioactive springs in the region.

It was found that four different kinds of water were responsible

for the supply of radioactive material to the peat, viz: ground water,

surface water, spring water and ground water emanating from fractured

rock. The spring water - probably a mixture of ground water and water

from the fractured rock - contains uranium to the extent of micrograms

per litre. The pH is about 7. The uranium content of the water system

deriving from the fractured rock is about 200-300 micrograms per litre.

The maximum radon content is about 3000 em ans. The pH is >7 and the

specific conductivity about 150 x 10 Ohm • cm

The radioactive peat is characterised by extremely low gamma

radioactivity which may be due to the recent emplacement of uranium

by spring waters. It is suggested that the peat in question has served

as a "collector" for uranium, rare earth metals etc., since the pH

condition - pH about 7 - was favourable to the settling of these elements.

The uranium enrichment seems to be due to a transport of Na, Mg and

Ca bicarbonates emanating from dolomite deposits or pegmatitic granite

dikes in the vicinity of the peat, the bicarbonate waters serving as

carriers of the uranium.

Printed January 1961
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Geochemical Prospecting of a Uraniferous Bog Deposit at Masugnsbyn,

Northern Sweden

Introduction

In the course of prospecting for uranium in Northern Sweden a peat

bog showing a remarkably high degree of radioactivity was discovered

in 1958 when carrying out a routine check on the road network with the

aid of a jeep-borne scintillation detector (4" x 4" crystal, gamma only).

The peat bog is situated 60 miles southeast of the town of Kiruna in the

Norrbotten district and about 2.8 miles northwest of the village of Mas-

ugns byn.

In addition to the more conventional methods used when prospecting

for uranium geochemical investigations have also been carried out in the

region of Masugnsbyn. A preliminary investigation of samples from the

peat bog during the summer of 1958 showed a comparatively high content

of uranium and radon, probably connected with the existence of radio-

active springs in the surrounding district. During 1958 - 1960 the peat

bog and the waters draining the area were closely analysed. A total of

70, 000 analyses, of which 14, 000 were chemical uranium analyses, were

undertaken. This volume of work was made possible by the fact that the

rapid fluorimetric method could be used with both water and soil samples.

A staff of five in the field laboratory carried out some 100-150 chemical

uranium analyses per day.

The object of this paper is to show the results of these investi-

gations. Fig. 1 shows a map of Sweden with the area in question marked

in and also a topographical map of the Masugnsby district with 25-metre

equidistance and a scale of 1*25000. The origin is shown with the aid of

the base line. The watershed is also shown. It is quite apparent that

the bog constitutes the bottom of a closed drainage system with the

drainage confined to the southeast via the Vuostijoki stream. The map

also shows the areas within which geochemical prospecting has been

undertaken: A = Laurivuoma peat bog, uranium bearing, B = the

Rautajoki district, C = old iron mine at Masugnsby, radioactive,

D = radioactive increase in iron ore in central section of the Junosu

and field.
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Analyses and field methods

The soil samples;have been dried at 105 C and the fraction

< 80 mesh has been used in all cases. The following properties have

been determined: degree of humification, pH, density, radiometric-

chemical values, ash content, chemical uranium content, spectra

analysis and, to some extent, complete chemical analyses.

As regards the water samples the following properties have

been determined: radon content, specific conductivity, pH, total hard-

ness, uranium content, spectra analysis of the dry content and, to some

extent, complete chemical analyses.

The alpha activity of samples of vegetation has been determined

and, in addition, spectra and chemical uranium analyses have been

carried out.

The following analysis methods were employed.

Uranium

Soil samples: The principle method used was:

a) Drying at 105 C, weighing-up of 0". 5 g, burning to remove

organic components, leaching with 2 ml cone. HC1 for 10

minutes in a water bath at 100 C, dilution to 40 ml, heating

for 10 minutes in water bath at 100 C, sedimentation,

extraction of 0. 02 ml of solution, drying to evaporation in

Platinum boat, addition of flux 45. 5% Na^CO^ 45,5% .

K2CO3, 9 % NaF, fusing for 10 minutes at 720°C in furnace,

cooling- in exsiccator for 15 minutes andJinaUyfluorimetric

determination of uranium.



.8.

b) Combination chromatography-fluorimetry*

c) Radiometric chemical determination with Geige* counter

calibrated with laboratory-analys ed control samples. Test

material dried at 105 C.

Water sample* Combination ion exchanger -fluor imetry and direct

fluor imetry.

Vegetation sample: Burning of the sample and determination of the alpha

activity of the ash and indirect Ra control using fluorimetric

; methods.

Thorium

Soil sample: Indirect determination of thorium using radiometric and

fluorimetric methods.

Radon

Water sample: Air was bubbled through: the water sample in a closed-

systena and the radon gas collected on active carbon. The

activity was determined after 3 hours with a Geiger counter with

sealer.

Soil sample: The radon content of the earth-air was determined in the

field in the same way as the radon content of the water.

Soil and water samples: The pH value was determined with glass and

calomel electrodes. The soil samples were jxot dried. Mineral

earths were tested at an earth-water ratio of 1:1, ..organic earths

at a ratio of 1:5.

Red-ox gotential

Water sample: Eh determined with platinum and calomel electrode.

Degree of humification

imple: The degr

accordance with a 10-degree scale. H 1 - H 10.

Peat sample: The degree of humification was determined in the field in



Ash content

Soil sample; The ash content is expressed as a percentage weight of

the sample dried at 105 C.

Total hardness

Water sample: Titrimetric determination with versenate.

Specific conductivity

Water sample: Approximate determination of the total of MgO + CaO + K^O

in mg/litre and the probable quantity of in organic components

in mg/litre in relation to known water analyses.

All the analyses were carried out in the field with the exception

of spectra analyses and complete water and peat analyses, The complete

peat and water analyses and the spectra analyses were carried out at

various of the AB Atomenergi laboratories in Stockholm headed by

Miss Th. Berggren, Mrs A-L Arnfelt and Mr, G. Tydén. The radon

methods were devised by Mr. O. Landström.

Geological notes

PrequaternarY_geolOjgy

The prequaternary geology of Norrbotten has been described by

Olof H. Ödman (1) and a skarn iron ore occurring near Masugnsbyn by

Per Geijer (2). This ore is located about 2 miles from the peat bog and

contains at places a low content of uranium. Fig. 2 shows the distribution

of rocks and ore-bearing formations, mainly as determined by Geijer

and Ödman, The bedrock in the area under review consists of rocks

belonging to the Karelian Cycle, Late Karelian intrusive rocks include

linagranites and perthitegranites and Lapponian quartzites and phyllites,

dolomites, limestone, cherts, sedim. iron ores and basic lavas. Fig. 3

shows the distribution of peat bogs in the area investigated. Details are

also shown of the distribution of uranium and radon in waterF a subject

which will be discussed later.



10.

1,1,1.1,1
1 1 1 1 1 ! j>
1:1:1:1:1:1:1:111
. 1 1 1 . 1 . 1 . . 1 • 1 . .

f l i l i 1 1 1 1 i-r 1 1 t!i...-'i
I ! I ! I ! I ! I ! I ! I ! I ! I ! I

1 •

i 11 ; ;
I I I I I I' I11
I t I I I I I

I I I I'l I11 1
1.1, i.1.1.1. I.I
• I ,11lil,111.[,
I I I I I ' l ' i '

I I I I I' I 'l I
I I I I I I I

I I I I I I I I
I I I II II 'l

I I I t I I I I I
I I I I I I I I I

I I I I I ' I ' l 1 1 ' I 1

I I I I I I I I I

rii:i;i:i:i
1' 1' r r 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1

1111.111.1,1.111.1.1

'i 1 I I 11 11 l'1

11 1111 i I I 11 i
I I I I I I I I I I

I I I I I I I I I I I
I I I I ) 'I I I I ' I
I I I I I I I I I I

I I I I ) 'I I I I ' I I
I J 1 I I I I I 1
i I l'"l ri'i '
I I I I I I

i I l l r i i r i
I I I I I I I I I I
I, I, I j 111, l.t1111 1

I I I I I I 1 I
I I I I I

l t > « * . < : ' : * . ' - : * . * V : i ; : J : J i : > . ' t « , V : : : : : - : : : : : : : : : : : : : : : : : : : - ; : : , J : : : : : : : : : : : : :

Fig. 2

Generalised geological map.showing the distributiori of, radon;in water in
the Masugnsbyn area.

Background 100. cpm/l equ-als-20 .emans. The clas.se.s~. in cpm/l radon
correspond to 50, 50-100, 100-200, 200-600, 600-1200 and 1200 emans.
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Fig. 3

Map of Masugnsbyn region showing the distribution of peat bogs and the
distribution of uranium in water.
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Quaternary _g.eology

The area borders on the polar zone (latitude N 67 30',

longitude £ 21 54'). The average temperature is -12 C in January

and +14 C in July and about -1 C for the year as a whole. Precipitation

for the whole year -»450 mm. Humidity is high, 50-60 according to the

Martonne Scale, and drainage in this part of the country is often very

poor; As a result of these conditions some 50-60 % of the total region

consists of bog and marsh*

The temperature of the water in springs in the region is between

+_ 0 and + 3 C. The soil in the area under review consists of a well-

developed iron podsol. The thickness of the moraine is about 3 - 7

metres. Traces of the movement of the land ice in the form of striates

are very unevenly distributed and the directions are especially complicated.

However, in the main the general direction is west-east and southwest-

northeast. There are also crossing striates. Only a few observations

of striates have been possible since most of the area is covered by

layers of deposited soil.

The quaternary cover around the peat bog consists chiefly of

eskers and moraine ridges to the south. To the north the bog is bounded

by a granite ridge capped by a thin morain cover. The moraine is made

up of a normal number of boulders and contains a high percentage of

finely divided material* fine sand and sandy soil. The surrounding

eskers are about 50 to 75 metres above the level of the peat bog. The bog

consists mainly of sedge peat but gradually changes in character to

become of mire type in the north. This type is common in Northern

Sweden. The maximum dimension is about 3 miles east-west with a

width of about 0. 6 miles. A section of the peat bog from the surface

downwards shows the following composition: 1. Carex-amblystegium

peat, 2. Sphagum peat, 3. Carex-amblystegium muddy peat, 4. Mud,

5. Sandy mud, 6. Sandy till. The vegetation cover is mainly dwarf

spruce and birch (Betula nana and B. alba), especially towards the

moraine boundaries. The huminosity (degree of decomposition) varies

from H 1 (almost intact sedge) to H 10 (completely decomposed matter)

according to a scale devised by von Post, Granlund and G. Lundqvist

reviewed by J. Lundqvist (3). It may also be mentioned that the sedge

peat bog also contains varying amounts of dy. Dy is defined as being a

chemical precipitate or organic matter (humus), the content of which

determines the amount of uranium which can be adsorbed (see below).
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Quarternary conditions in the district are very difficult to define,

one of the reasons being that an ice divide previously covered an area no

more than 18 miles northwest of the Masugnsby area. There are two

completely, distinct ice paths, one old (N 50 to 60 W)- and one of more

recent prigin (G. Lundqvist (4))« The latter runs from S 34 to 55 W.

Some of the material has been carried a great distance but it is probable

that the majority is of local origin. Typical dead ice moraine occurs in

the district; Detailed boulder prospecting has been carried out in the

latest moraine deposit in an approximate northeast direction from what

may have been a parent rock formation.

A large number of magnetic and sulphide-bearing boulders have

been recovered, mainly from road cuttings. None o.f these boulders

showed any raised radioactive activity.

Water -systems

It is known that uranium and radon are often very unevenly

distributed in springs (Miholic 1956, reviewed by E. Wm. Heinrich (5)).

One of the reasons for these variations is that radon can be absorbed by

the ground water by the dissolving of radon gas emanating from minerals

with loose grain adhesion and by the decomposition of radium previously

dissolved in the water. Since radon has a short half-life the radioactivity

in springs may vary within wide limits depending upon the nature and

degree of radioactivity of the original rocks and the speed with which the

ground water circulates (Lovering 1956, reviewed by E. Wm. Heinrich

Examination of a large number of water samples indicates that,

as regards radioactivity, four kinds of water were present in the "

drainage system in the area. The most radioactive water emanated

from fractured zones of the bedrock beneath the cover. This water can

be called "intr a-bedrock" water.

., Judging from analyses of water obtained from bore holes through

fractured rock zones intra-bedrock water seems to be the main source

of radioactivity. The uranium content in. this water, may be as much as

1800 microgram per litre (\j.g U/l). The radon content may be as, high •

as 3000 emans.
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Since the mineralog i c al composition of the surface soils has a

decisive effect on the content of metal cations in the ground water a

systematic investigation of the ground water ought to provide important

information concerning these ions. In this connection ground water is

taken tb mean the water contained in surface soils and which fills all

the pores down to the surface of the bedrock.

Samples of ground water from the moraine have been taken from

the area under investigation. In the moraine south of the bog.in question

a total of 450 holes were dug down to the surface of the ground water,

with 10-m square grid. Drainage takes place from the moraine towards

the uranium-bearing bog. The ground water was collected and analysed.

The pH of the water varied from 4 to 6. The uranium content was' low,

average 2 to 3 [j. g U/l, while the radon content was 5 - 1 0 emans.

Especial attention was devoted to the spring water, which partially

consists of intra-bedrock water. About 230 springs were found over an

area of about 35 square miles. Several radioactive springs were also

discovered outside this area. The water has been analysed to determine

the uranium and radon content. A striking feature in the distribution of

the springs within the area is the relationship between the uranium and

radon contents and the location of springs. The springs showing larger

uranium and radon contents are located in topographically marked

depressions which are to some extent contact zones between rocks or

fracture and fissure zones in the bedrock (see Figs 2 and 3). Tables

1 and 2 show details of the uranium and radon content of spring water.

Details of the uranium analyses, divided into five concentration classes,

are given in Table 1. An average content has been calculated for each

class. The percentage distribution of the springs in the concentration

classes is included in the last column. Table 2 shows details of similar

analyses of the radon content. The average contents for the,two lowest

concentration classes may be regarded as constituting a "background

value" for uranium and radon respectively (see Figs 2 and 3). No direct

relation between uranium and radon has been observed except that springs

with a high uranium content have relatively often a high radon content,

type A. On the other hand there are springs with high radon contents

but with uranium contents of "background value" (6 ^gU'/l), type B.'

An analysis of well water of this type gave a figure of 132Ö' émans but

only (1. 6 + 0. 3) 10"6 pC Ra2 2 6 / l .
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Table 1

Distribution of

Concentration
range (fxgU/l)

>100

100-50

50-25

25-15

<15

uranium in spring water

Average content
of uranium (\i gU/l)

730

74

39

17

from the

Number
springs

4

3

15

14

190^

Masugnsbyn a r e a

of Percentage
distribution
of springs

1.8

1.3

6 . 7

6 . 2

84.0-

x) background content

Table 2

Distribution of

Concentration
range (eman,)

>600 .'

200-600

100-200

50-100

<50

radon in spring water

Average content
of radon (eman)

870

.440

145

" 7 1 ' '

22X>

from the Masugnsbyn area

Number of
springs

9

•39

29

39

114

Fercentage
- distribution

of springs

3 . 9

-17.-0

12.6

17.0

49.5 '

x) background content
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Type A occurs in the Laurivuoma peat bog and type B is common

in the region around Rautajoki (see Figs 2 and 3).

The largest spring observed in the area has a water flow of
3 _ • ' _ • . . . ' . . _ . . - ; . • . „ • . . ' . . .

7i 2 m /hour"aricTcontains" 110 |j.g U/lf area A. The greatest radioactivity

was found over a spring in the Rautajoki area (0. 7 MR/hour). Background

0. 01 MR/hour, area B. Since only a few uranium analyses have previously

been carried out on natural water in Sweden (Fritz F. Kolzy and others

(6)), and since these analyses referred only to river water (uranium

content 0. 2 - 1.4 \ig U/l) it is not possible to make any comparisons.

In order to enable a comparison to be made between the radioactivity of

spring water in the area under review and that of different waters in

another area in central Sweden (Dalecarlia, near the town of Borlänge)

details of analyses of uranium, pH and specific conductivity from the

latter -mentioned area are shown in Table 3.

A regional hydrogeochemical investigation was carried out during

the summer of 1958 over an area of 120 square miles east and southeast

of the Masugnsby district. During this period water from 277 rivers and

streams was analysed to determine the uranium content and the pH. The

uranium values vary between 0.2 - 7.2 JJ.g u / l and the.average is

0.65 (xg U/l.

A number of samples of river sediment from this area have been

panned. Untreated samples and the corresponding fraction with the

heavier mineral enriched have been analysed to determine the radioactivity

but no rise has been noted in this area.

As early as 1907 Hj. Sjögren and N. Sahlbom (7) and also

N. Sahlbom (8) had carried out a large number of investigations into the

radioactivity of spring water in bored wells in Swedish bedrock. Accord-

ing to N. Sahlbcm (8) the distribution of radioactivity in spring water in

different types of rock is as shown in Table 4.

Table 5 shows the analytical data for surface, spring, ground

and intra-bedrock waters from the prospected area of Masugnsbyn.

Table 6 shows a summary of different types of water as regards

uranium and radon contents, pH, specific conductivity and total hardness.
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Table 3

Uranium content, pH, and specific conductivity of waters from central

Sweden

Kind of water Average content
of uranium (jig/l)

pH range Specific con-
ductivity . _ .
xlO~bOhm .cm

Surface water from
non-radioactive
regions

Surface water from
radioactive regions

Waters from iron ore
minesx) (non-radio-
active)

Spring water

< 1 .

3 .

0 .

3 .

0

0

5-2.0

5

7.3-4.5

7.0-6.7

7.7-6.4
7.6-6.2

31

31

about
41

. 7

. 7

100

x) Waters from mines containing uranium minerals may have contents
>2000 (igU/l i, e, the Stripa Mine in Central Sweden.
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Table 4

distribution of the radioactivity of spring"wätfer irrTJö"reef"well's in

Swedish bedrock according to N. Sahlbom (1915).

j Rock 1-/I. £,. Number

I Syenite (Boden)

|'Granite (Stockholmr, Gtrömstad, Öster -
: götland)

'Syenite granulite (Malmberget)

i Granulite (Bergslagen, JLöfsta)

i Iron gneiss (Västergötland)

! Granite gneiss with granite (Norrland
| coast) ' 23.0 l i

i Grey gneiss with intruded granite (Salt-
, sjöbaden) 14.9 6

' Gneiss granite (Roslagen, Vaxholrn
| district) ' ' " •."13. 8'. ' 20

? Grey and red gneiss (Södermanland,

{ Bohuslän) 12. 0 8

! Garnet gneiss (Södermanland, Värmdön) 7.3 20

Cuartz'porphorytic (Kir-cna) 5.1 5

x) 1 iv.ache unit = 3. 64 «mans

50. 7 (26.

32.9

29.0-

24.2

22. 7

4) 6

49

9

14

12

I
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Table 5

Analytical data from surface, spring, and intra-bedrock water from the prospected
area near Masugnsbyn.

Quantity

P.esidue aftfir mg/l
drying 105°C

Ignition ' - " -
residue 600°C

Ca - " -

M g • - • • - "

Sr - " - "

K - " -

Na - " -

Ba -«'-

Fe -"-
Ni • - " -
Cu ' - " -
Mn ' - " -

P b

C l - ' • - " -

PO4

HCOo — —
CO2 free - " -

KMnO required-" -
H2S with lead , .
acetate-paper

J required - " -
H2S
Specific cond.
10~6 Ohm"1 cm"
Radon emans

U Rg/1
pH

.Spring
water

81

•68

'"•• 7

1.

< 0 .

0.

3 .

<o.
<o.
< 0 .

<o.
<o.

• <°-
4

20

< 0 .

26

14

4

no

3

89
255

14

6.

6

3

5

2

2

10

1

2

05

3

1

8

Well
water
Typ B

80 61

51 39

..._.. 5

• • ' 1 . 4

^ 0 . 3 -

0 . 8

3 . 7

<0. 2

'o,56
<0. 1

< 0. 2 "
<0. 05 '
< 0. 3.
10

5 1
<0.1 0,

26 29
14 '16'
6 7

. no.

'1 "1"

90 53
1310

4 65
6.8 6.

Spring
water
Typ A

47

38

' 5
0 . 7

<0.3

0 . 3

1.3

<0.2,
<0. 10

<0. 05

<0.2
<0.05

• ' <0»3

3

3

6 <0.1
27

• 7

4

i - no

5

49
440

27

7 6.9

Intra-bedrock
water
Typ A

151

95

-

10

0 .

80

9

12

0.

153

1800
140

7.

3

8'

4

117

.,97

16

3 .

<o.
2.

8.

<o.
' 1.

<o.
<o.
<o.

0.

3

8

<o.
94

9
8

no

18

150

20

91

7.

•9

3

2

0

2

5

2

2

05

• 4

1

9

Surface water,
from the peat
bug

96

54

2

0 . 2

20

19

44

1.4

45

15

6.7
1

Ground water in the morain, |agU/l 2-3, pH 4-5. Surface water outside the radio-
active axea, |j.gU/l 0. 5 - 1.0, pH 6.5-7.0 .
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Table 6

Summary of different types of water with regard to uranium, radon, pK,

specific conductivity and total hardness.

Uranium

1.

Radon „
emans p

Well water from Kaunisvaara

radioactive

by

2 .

3 .

region.

1.7

Springs ;

8

area but with similar

9 6 .7

it Rautajoki, type B.

430 6O9

Specific
conductivity
x 10"6

village, which

Total hardness
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-
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Well water by the uranium-bearing peat moss, type A.
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6.

7.

620 7.3 78

Well water at Masugnsbyn I, active, type B,

2 220 6.8

Well water at Masugnsbyn II,

2

Moraine

2

Moraine

4

14 6O6

water at Rautajoki.

10 6O4

water at Laurivuoma

5 5.9

98

non-active.

140

, the uranium

30,0

29,5

27.0

bearing moss»

Masugno-

21

18

16

15

12

200
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Uranium content of peat

As has been mantioned earlier, a remarkably high degree of

radioactivity was noted in the peat bog. The highest uranium value

obtained was 3.1 % U on a dried sample. The thorium content is

generally very low < 0. 01 %, The average content of uranium (dry

matter) from 445 samples is estimated at 600 ppm U. The average

content of ash of the analysed samples is about 33 % by weight»

Assuming that all the uranium is contained in the organic matter the

concentration of the latter will thus be about 900 ppm U. The average

uranium content of spring water in the bog is about 100 jxg U/l = 0a 1

ppm U. The ratio of the uranium content of the peat to that of the

water is about 9000. The conclusion drawn is that a continuous supply

of uranium (and radon) emanates from below the covering of postglacial

sediment (about 5, 000 years) and that the radioactive matter is transferred

to the peat via intr a-bedrock'and spring water. This transfer may have

been taking place ever since the present drainage system of the peat bog

was established, i .e. , possibly since the beginning of the postglacial

period. This means that the peat bog serves as a collector of uraniumc

If this conclusion is correct then the enrichment capacity of the peat

must be in the order of 9000. It may then be asked whether peat is

actually capable of enriching radioactive matter to this extent. Laboratory

tests on the adsorption capacity of humus carried out by G. Moore (9)

and A. Szalay (10) and others provide ample proof that such enrichment

is quite possible. For this reason a brief description is given of

Szalay 's studies.

Szalay's experiments indicated that humic acids were responsible

for the "fixation" of uranium in peat., When sarnpley of peat were, rlu-kcn

with aqueous Solutions containing uranyl cations it was found that

equilibrium in the distribution of uranium in the peat-water system was

attained almost immediately. FurtheV quantitative studies showed that

the distribution of uranium in this system followed a regular adsorption

isotherm, and that the fixation of uranium in peat from very dilute

solutions of uranyl ions in natural waters is a reversible cation exchange

process with a geochemical enrichment factor of about 10. 000. This

evidence means that the significance of Szalay's basic experiments cannot

be overlooked when examining the enrichment of heavy metals in peat.
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As has been emphasized by Szalay it is obvious that many factors

influence the fixation and concentration of uranium in a peat bog, viz:

the pH conditions in the transporting waters, the oxidation state of the

surrounding matter, the humus content of the peat, its huminosity and

content of inorganic matter etc. In the case under review some of these

factors have been determined and details are given below.

The pH conditions in the peat bog have been closely studied.

Fig. 9 shows the distribution of pH values over a north-south profile of

the bog. This profile, was taken from the origin (Fig. 1) of the.base

line for the field observations. As will be seen from the. diagram the

pH is unevenly distributed, this being due in part to the location of the

springs entering the bog. According to Szalay (op, cit*) the fixation of

uranyl ions in humus takes place within the pH range 3 to .7.. It will be

seen from the diagram that- all the pH figures come within these limits.

Since the pH range for the fixation of uranyl ions in .humus is so large

we cannot expect a closer relationship between pH values and the

uranium content of the peat. In point of fact, the calculated product

moment coefficient of correlation between the quantities in question

approaches zero. Only in the immedeiate vicinity of the spring south

in the peat bog are the pH values somewhat higher, as are also the

uranium contents, - • ,

Huminosity

The huminosity of the peat has been estimated by means of a

simple field method on a 10-step scale, H 1 - H 10 (J, Lundqvist,

op. cit.), where H 1 indicates almost intact peat-forming matter and

H 10 complete decomposition of the matter. The variations in the

huminosity of the peat bog are shown in Fig, 9. The huminosity is low

towards the moraine where the peat layer is rather thin, while other

parts have a medium to high huminosity. One could expect a relationship

between uranium content and estimated degree of huminosity since the

latter quantity depends on the humus content and this latter, is responsible

for the fixation of uranium. But in this case, too, the correlation

coefficient of zero order approaches O. This lack of positive correlat-

ion may seem surprising but since several factors may affect the

precipitation of uranium - the dy content among others - there is an

explanation for the weak correlation.



23.

Ash content

The ash content of the peat is calculated as a percentage by

weight of dry matter and the distribution is shbwn in Fig. 9. The profiles

are the same as mentioned above» Since it is assumed that uranium is

only concentrated in the organic matter we can expect a negative correlat-

ion between the ash and uranium contents of the peat samples analysed»

However, when studying the relationship between the different quantities

regulating the fixation of uranium in peat it is not surprising to find that

the correlation coefficient of zero order (a single pair of population)

may approach 0 if the relationship in question is influenced by one or

more other quantities. In this particular case nothing is gained by

calculating higher order correlation coefficients since some of the

quantities qhich probably affect the interrelationships are still unknown,

e.g., the very important dy content and the red-ox potentials of the

surroundings.

Radioactivity

Fig. 4 shows the profile 80 m-east of the origin» Diagram No» 1

shows the radon content (background ~15 emans) in water in equilibrium

with the peat. A very sharply marked maximum is shown by the intra*-

bedrock water entering under thg peat. The diagramatic curve falls

very quickly to the background value even in the area where the peat has

high uranium values.

Diagram No. 2 shows the jxg U/l in water in equilibrium with the

peat. This curve also shows a marked maximum. However, it does not

coincide with the radon maximum but, instead, lies -̂ 70 metres to the

north. This is probably due to the peat being saturated as regards

uranium.

Diagram No. 3 shows the pH values in water in equilibrium with

peat. The pH curve shows two peaks. One of these coincides with the

intra-bedrock water entering under the peat and the other with the

uranium' maximum.

Diagram No. 4 shows the red-ox potential in water in equilibrium

with the peat. Fig. 5 diagram 1 shows field measurements on the surface



Fig. 4
Profile 80 m east of origin shows uranium, radon, pH, Eh in peat water
in equilibrium with the peat. The lower part of the diagram shows ppm

Tvmm pH and (/3 + y ) radioactivity of dried peat samples.
in e
uranium.
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The profile 80 m east of origin (same as Fig. 4} shows the variation of
gamma and (beta + gamma) radioactivity over the surface of the peat in
the'field and'th-e corresponding uranium1 content in-the peat.1.
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of the peat with a 1 x l/2" scintillation detector and diagram 2 the

corresponding (/3+a) activity. The gamma curve coincides with the

radon curve, which is to be expected (see Fig. 4). The diagram also

serves to show how no, or very weak, gamma activity is evident over

peat containing relatively high uranium contents. In this case 0. 01 MR/HR

corresponds to -̂ 2000 ppm U in the field, Diagram 3. The lower part

of Fig. 4 shows 3 diagrams: 1) ppm uranium in a dried peat sample,

2) pH in. peat and 3) the radioactivity [fi+y) on a dried sample determined

in a lead chamber. Background 25 cpm.

A chemical-radiometric equilibrium determined on a dried

sample of peat shows that 3:1 is a common relation. However, the

relation varies greatly in different parts of the bog in that even a

completely reversed relation may be obtained. This is probably due

to radium enrichment. Owing to these great variations radiometric

determination is insufficient as such and must always be complemented

with a chemical analysis.

A maximum surface reading (1.2 MR/HR) has been noted over

parts of the peat which are still frozen during the month of August.

The solubility of radon in water depends upon the temperature. Water

absorbs about twice as much radon in the region of freezing point as

it does at 20 C. Frozen peat is only evident at a few places in the area

at this time of the year.

Aerial radioactivity surveys have been carried out over the peat

bog in question. However, owing to the low gamma activity over large

sections of the bog it is probable that aerial prospecting over young

secondary uranium enrichments would fail to produce the desired results»

The influence of manganese on radioactivity in the peat bog

Accumulations of manganese of various sizes and appearance

have been located in certain parts of the bog. Some of these are 1 - 3 cm

in section and are of very rusty appearance on the surface. When

freshly broken they show an amorphous appearance with a matt dark

blue colour surrounded by a thin skin of metallic sheen. These

accumulations are mainly found in parts of the bog where the gamma

activity is abnormal. A comparison between peat containing a high
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uranium content and these accumulations shows that there are great

differences, Table 7. Sample P 898 is taken from the profile 80 metres

E and constitutes an average of 10 samples. Sample 899 is taken from

the gamma analomy at origin» The table gives a chemical-radio metric

comparison between peat and manganese accumulation.

X-ray diffraction investigations have been carried, out on the

manganese accumulation from origin, P 899. When exposing for 1. 5 hours

with the Philips 114.83 mm camera with a Cu-Ni filter no lines were

obtained. Upon heating to 1000 C for 1 hour and using the same camera

and exposure time diffraction lines corresponding to those of hausmanite

were revealed, as also a number of unidentifiable lines .probably emanat-

ing from iron oxides. Table 8 shows a chemical analysis of peat from

the profile 80 metres' E and the accumulation from origin. TKe great

differences in respect of manganese content, uranium contentand the

content of rare earths are of special interest.

Fig. 6 shows the relation between gamma activity on the surface

of the peat and the manganese content at origin. Figs-, 7 a-and 7 b show

the gamma spectrum of the peat and the manganese accumulation. The

relation between gamma activity in peat P 898 and manganese accumulation

P 899 is 1:1000. The manganese accumulations are mainly formed in

the transition between the moraine and the bog. Precipitation of bog ore

is also evident in the bog. It occurs in the form of thin layers of 0. 5 - 1 cm

in thickness and covers large areas of the peat bog. This layer of bog

ore is about 10 - 20 cm below the surface of the peat. Bog ore, mainly

iron hydroxide, does not demonstrate any marked rise in radioactivity

or uranium even though the surrounding peat may have a high uranium

content.

It is likely that the manganese was absorbed in the form of

manganese bicarbonate, Goldschmidt (11). Since the bicarbonate

content is relatively high in the intra-bedrock water this water could be

the source of the manganese enrichment of the peat. Analyses of the

intra-bedrock water, however, show low manganese contents and it is

therefore more likely that the manganese is leached from the more

acidic moraine water. Precipitation probably takes place when the

intra-bedrock water from below with a pH value of 7,4 - 7.9 and

containing uranyl bicarbonate comes into contact with the manganese-
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Table 7

Chemical-radiometric comparison between peat from the profile 80 metres E

(P898) and the manganese accumulation from origin (P899).

Chemical
analysis

P 898

%U 0.416

% Th 0. 044

% rare earths
0.16
% Mn 0. 09

. P 899

% U 0.144

% Th 0. 035

% rare"earths
.0.67
% Mn"19. 64

Radiometric
analysis

L o..o9:% .,

> ' '• •- ' • ,

} 0. 28 %
1 e (U+Th)

Measured
(]3+Y ) cpm

> • 5 2 9 - • '

•

/3/Y = 10. 5

•r 2 0 3 2

i3/yi= 0.92

Measured
Y cpm

p 50

Rest= -1661

? 2199

Rest = +1262

Theoretically
calculated
(J3+Y ) cpm

2145

+ 55

.... 2190

(/S+Y ) cpm

•-• 725

: +45

770

Difference

2190

-529

-1661

2032

-770

+ 1262
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Table 8

Chemical analysis of peat from the profile 80 metres E (P 898) and

the manganese accumulation from origin (P 899).

SiO2

TiO2

A12O3

F e2°3
MnO2

CaO

MgO
N a2°
K2O
P2°5
SO, after roasting
C l •• "

P b

ThO2

Rare earths
U3°8
Moisture
Annealing loss

P 898

11.42

0.18

3.27

11.34

0.09
2.40

0.43
0.75
0.40
0.03
2.68

0.04
<0. 01

0.05
0.16

0.49
6.57

59.84

100.15

S in unroastfid sample = 6. 24 %

corresponding SCU If ). 58 %.

P 899

6.34

0.01

0.44

55.79
19.64

0.88
0.02

0.13
0.05
0.15
0.18

0.05
0.02

0.04
0.67
0.17
1.32 !

14.64
100.54 «

S in unroasted sample = 0.08 %

corresponding 0.21 % SO,.
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bearing acidic moraine water. The radioactive components from the

intra-bedrock water become enriched as a result of the pH exchange

resulting in the precipitation of manganese hydroxide and oxide. We

then get a selective enrichment of primarily Th , which is a

decomposition product of U . Th is the nearest origin to Ra

which, in its turn, gives rise to Rn . T. Nakai (12), K. Rankama

and Th, Sahama (13). Some of the later elements in the decomposition

chain produce, among other things, gamma radiation,,

As a result of its greater mobility the uranium dissolved in the

intra-bedrock water does not become associated with the manganese

hydroxide or oxide to the same extent but, instead, continues in the

direction of drainage and gradually becomes fixed in the peat» See

Table 9. .'/}•'

As was described in the introduction the uranium-bear ing bog

was discovered with the aid of a jeep-borne scintillation detector. This

is. only partially true,, Owing to the ̂ locally strong manganese enrichment

in the form of accumulations .-' and.thé. loose grain adhesion of which

results in a marked release-o£ radon in certain parts of the bog - a gamma

indication has been made possible., Such gamma anomalies can'produce

a false picture in that their secondary formation may be interpreted as

being primary.

The prospector can get an equally false picture since negative

radiometric measurements over uranium-bear ing peat may easily

give rise to inaccurate assessments» This means that the normal

physical prospecting instruments are somewhat limited in their

application.

Most of the uranium -bearing bog has been detected by taking

geochemical samples of the water and peat along streams and ditches

in the district. Fig. 13.

In the case of bogs of the soligen-topogen type only systematic

geochemical prospecting can provide a complete answer as to the

distribution of the uranium deposits.

Fig. 8 shows the gamma anomalies ai origin (see Fig. 10)

which are the basis of the indication recorded by the jeep-borne

scintillation detector.
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Fig. 8

Detail of gamma anomaly at origin.



33.

Table 9

Diagram of probable zoning of elements by the uranium-bearing peat bog.

Zone

pH 4-6 Moraine with water containing
manganese and iron bicarbonate

not radioactive

II pH 6-7 Transition moraine - bog.
Precipitation of manganese
hydroxide or manganese oxide
and iron hydroxide

not radioactive

pH >7 Supply of intra-bedrock water
from below with Na-Mg-Ca
uranyl bicarbonates

III

pH >7 Manganese accumulations in
the peat. Adsorption
Th230 + Ra226 + Rn222 and,
owing to the higher mobility
of the uranium, only a lesser
amount is fixed»

radioactive,
mainly (y +|3)
activity

0)

8P
ö

3

o
• r<

o
0)

Q

IV pH ~7 Transportation of dissolved t

radon in the water in the j
direction of drainage. Most i
of the uranium fixed. Uraniunx
bearing peat with uranium-
free iron hydroxide (bog ore).
Low manganese.content.
Marked lack of radioactive
equilibrium.

radioactive
mainly (a+fi)
activity. Weak
radioactivity
in the field
owing to high
moisture factor

V pH 6-4 Uranium;-free peat. Peat with
t r i - and divalent iron

not r adio activ e



Fig. 9

The profile 220 m east from origin of the base line. The upper
diagram shows the distribution of uranium in ppm and also illustrates
the relative content of uranium in terms of a-radiation in leaves
(the blank columns) and in twigs (the columns with oblique lines).
B = Betula alba, D = Betula nana, V = Salix and Al = Alnus.
The lower diagrams show the distribution of pH, variations in the
huminosity and the ash content in the peat.
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Surface radioactivity (gamma only) over the peat bog.



Fig. 11

Distribution of pH in surface of peat bog.
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Fig, 12. Distribution of uranium in ppm in surface of peat bog
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Variation of uranium and pH along stream by origin.
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studies
— - ' in. i ' —

In order to check whether or not biogeochemical methods could

be used in prospecting work a series of plants were collected from the

profile. The ash of these plants was analysed and the relative uranium

content in terms of o-radiation. counts per hour estimated. The plants

to be analysed were birch (in most cases B etui a alba? in some cases

B. nana), :willow (Salix) and alder.if no other plant was available.. , . .

The ash of leaves and twigs was analysed separately in order to.find

out which part of the plant was most suitable in this particular case...

The results are shown in the diagram in Fig. 9. The upper

diagram gives the distribution of uranium in ppm on dry matter in the

peat bog. The uranium content is divided into concentration.classes;

200, 200-400, 400-1000, 1000-4000 and >4000 ppm U. The lower part

of the diagram illustrates the relative content of uranium in terms, of

»-radiation, in leaves (the blank columns) and in twigs (columns with

oblique lines)» The kinds of plant are shown at the head of each

column: B = Betula alba, D = B. nana, V = willow (Salix) and Al = alder

(Alnus).

As will be seen from the diagrams the distribution of uranium

in the peat bog is irregular. This is only to be expected in the light of

the many factors influencing the fixation of this metal in peat.

The lower part of the diagram in Fig» 9 shows that the twigs

are much richer in uranium than the leaves.

The relationship between twigs and leaves as regards inactivity .

in the various types of plant is as follows: Birch, Betula alba 3.9,

dwarf birch, Betula nana 2O 5, willow, Galix 2. 5 a.nd clr Alnus do9*.

The or-activity and the uranium content in plant ash from the

region do not always agree, When making a chemical uranium analysis

of the vegetable ash a radioactive residue was obtained in some eases

after release with HF and H^SCK, It is likely that this residue "contains :

The highest uranium value detected in vegetable ash was in willow:

twigs 860 ppm UB leaves 450 ppm J and fruit 450 ppm U» This agrees "

with earlier experience in biogeochemical prospecting for the group of
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metals belonging to the same vertical column of the periodic system:

chromium, molybdenum and tungsten, S, Landergren (14)» This

feature is inconsistent with the hypothesis advanced by V,M. Gold-

schmidt (15) that the cations are most enriched in the leaves, due to

the comparatively great evaporation in this part of the plant. The

cations are probably fixed during their circulation within the plants,

depending on the solubility of the complex organic metal compounds

present. These compounds were probably formed as a result of ion-

exchange reactions between metal-bearing solutions and plant tis sues.

The diagrams also show that the uranium content in the plants is

covariant with that of the peat below beneath the plant. This statement

is consistent with M, Salmi's findings concerning prospecting for bog-

covered ore on the basis of peat investigations (Salmi 16).

: Semi-quantitative spectra analysis has been carried out on peat,

evaporation residue from water from springs and vegetable ash. Table 10.

The elements are divided into spectral sensitivities a, b and c. where

c = lowest spectral sensitivity, and also into relative quantities 0, 1; 2

and 3. •

Rare earth metals have been determined in enriched material from

peat and vegetable samples.

Gd Y
c c

Peat - 2

Twigs - . .1

Experiments

Masuensbyn

Sm
c

1

-

Ce
c

0

0

on leaching

Nd
c

1

-

Sc
c

-

-

of uranium

Yb
c

1

1 •

bearing

Dy
c

0

0

iron

J-a ,
c

0

0

ores

T m
c

0

0

and

.- £r
c '

0

0

Eu
c

0

0

granites at

One of the basic problems encountered in the present case is

the leaching capacity of inträ-bedrock and spring waters m the region,

It may he asked whether or not a comparatively high content of uranium

in the peat bog must inevitably correspond with a high uranium content

in the primary, sour c e, i, e», the uranium-bear ing basement rock,

sediment ore etc.

In order to determine whether a comparatively low content of

uranium in the primary source could be leached out to an amount

corresponding to that of the intra-bedrock waters a number of samples

of iron ore from ore piles at the c d mine at Masugnsbyn, containing an
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Table 10

Spectra analysis o: peat, evaporation res idue of spring water and

vegetation ash .

B
Cd
Co
Ivin
T a
T i
V
Ni
C r
C u
A s
F e
Sb
ivio
Na"
Zn
T l
N b
Ca
Ba
Al
P
Si
Sn
Z r
Mg
B e
Pb
Bi
Y
U

- b
- b
- a
- a
- c
- b
- a
- a
- a
- a
- b
"" cL

- b
- a
- b
- b
- b
- c
- b
- c
- a
- b
- a
- a
- o
- a
- a
- a
- a
- b
-' c

Peat 2 .9 % U
in. dried
sample

0 •

0
0
1
0
1
0
0
1
1
0
1
0
0
0
0
0
0
2
1
2
1
2
0
0

. 1
2
0
0
2
2

Spring water
Evaporation
res idu e
100 jig/1 U

1
0
0
1
0
1
0
1
0
1
0
2
0
0
2
0
0
0
3
2
1
o . •

2
0
0
3
0
0 •

0
0
1

Vegetation
0. 086 % U in
a s h

2
C
G
•>

C "
2
i . .
i
i '
i
0
3
0
0
1
0
0
0
3
1.
2
1
2
0
0
3
0
0
0
_
0

Peat outside
the radioactive
area, not radio-
active

1-
0
0

. :• 2

0
2
1 .
1
1

. j

0
3
0
1
1
0
0
1
3
3
2
0
3
0
0
3
0
i
0
0
0
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average 0.05 per cent of uranium by weight, were chosen as the source

material for the leaching experiments described below. A number of the

samples bear secondary uranium mineral on the surface, this producing

a marked fluorescent effect in UV light. Auto radio g rams of samples of

the skarn iron ore show that the primary uranium mineral often occurs

in the form of sharply demarcated grains, mainly in the silicate minerals.

A closer investigation of the primary uranium minerals involving X-ray

analysis showed that these minerals consist of uraninite.

The iron ore samples to be analysed were crushed, sieved and

divided into nine grain-size classes between 44 - 590 - 840 my.

Analyses of the different size classes showed that the content of uranium

decreased with increasing grain size. Separation into magnetic and non-

magnetic fractions showed that the uranium preferably enters the non-

magnetic fraction, i. e., the skarn. The uranium content in the non-

magnetic fraction of the ore is 0.11 per cent and in the magnetic fraction

0,04 per cent by weight. The leaching experiments were performed

in the following manner. Six samples of pulverised ore, each weighing

100 g, were placed in glass bottles. To each sample was added varying

amounts of NaHCO, solutions in concentrations ranging from 0 to 400
A

mg/litre corresponding to 0 - 290 mg/litre HCO, ion. Each bottle,

and its contents, was shaken 200 times a day. 10 ml of the solution was

drawn off, filtered and the uranium content determined. Specific

conductivity and the pH were determined at the beginning of the experiments.

It should be mentioned that the natural waters around Masugnsbyn contain

about 80 mg/litre HCO-, ion, have an average pH of 7. 7 and a specific
A A

conductivity of 140.10"^ Ohm cm at.20°C.

The results of the experiments are shown in Table 11. It must

be emphasized that these experiments were preliminary and that no

definite conclusions have been drawn. However, the results do seem to

indicate that it would be possible under certain conditions for the circulat-

ing waters to leach out enough uranium from the iron ores to give rise to

the uranium content of the waters in the Masugnsbyn region.

A number of pegmatite samples have shown high a values but low

uranium contents. It is well known that a certain enrichment of the long-

lived subsidiary products thorium and radium may take place when

the uranium is leached from the rock. The thorium remains as a
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• Table 11

Exper iments on leaching of uran ium from i ron -o re n e a r Masugnffbyn,

Amount of sample of o r e : 100 g: .

Amount of deet. water: 200 ml

Content of uranium in each-sample: 50 mg U, except ior the first experiment.

containing 3.4 \xg U/l

Experiment NaHCO-, Specific
No. (mg/l) conductivity

6 ^

1
2
3
4
5
6
7
8X)

Content of uranium leached out:
pH after two days after four days

mgU/l percent mgU/l per cent

0
0

50
100
150 ,
200
4 0 0
400

1 .
1 .

4 5 .
101
144
195

• 400
400

85 .
85
5

6.30
6.30
7.75
8.00
8.10
8.10
8.20
8.20

3 . 3
4 . 1
4 . 9
5 . 2
5 . 2
7 . 9
4 . 6

' 6oö
8 .2
9 . 8

10.4
-10.4

15.8
11.5

5 . 9
6 . 3
7 . 7
7 . 4
8.6

13.0
8 . 5

11,8
12.6
15.4
14,8
17.2
26.0
21.3

Experiments on leaching of uranium from granite collected southwest of the

origin.

Amount of sample: 100 g <500 my

Amount pf dest, water: 200 ml Temp. 20°C

Content of uranium in each sample: 3 mg TJ

1
2
3
4
5 .

0
50

100
200

. 400

7 . 0
7.6
7.8
8 . 0
8 .2

Content of uranium leached out:
after

50
240
420
450
670

two days
1 per cent

1.7
8. Ö

14.0 '
15.0
22.3

x) Magnetic; fraction, uranium content 40. mg U.



44,

difficultly soluble oxide and the radium as sulphate, while the uranium

passes much more easily into solution and can be removed with the

ground water. ..The samples which showed high a values and low uraniurifi

values are probably enriched in these decomposition products. In other

wordsj these pegmatites previously bore uranium hut this element was

leached out, transported to the bog in solution,and there fixed ipk the.

reducing organic environment.

There are, however, pegmatite samples in the region with as

high a uranium content as 180 ppm and it is therefore possible that

these -pegmatites are.a source of uranium. Similar leaching experiments

have also been carried out on granites with a 30 ppm uranium content

collected southwest of the origin. Table 11 shows the results of this

leaching.

> In that the-pegmatites ar-é covered with moraine several metres

thick it has not been possible to determine their extent.

Summary and conclusion

An area in Northern Sweden which has been prospected for

uranium showed a remarkably high degree of radioactivity in a peat

bog. Analyses of uranium in the peat and in the waters of the drainage

system indicated that uranium in solution is transported to the peat bog

via intra-bedrock and spring waters. The organic component (humus)

of the peat serves as a collector for uranium.

The average content of uranium in the organic component of peat

is estimated at .900 ppm U. The spring waters within the peat bog

contain about 0.4 ppm TJ on the average. This indicates and adsorption

capacity for peat 9000 times the uranium content in the associated

waters. Such enrichment capacity is conistent with laboratory

experiments on peat carried out by A. Szalay (10) who found an enrich-

ment coefficient in humus of 10000.

A number of preliminary laboratory experiments dealing with

the leaching of uranium from radioactive iron ores and granites within

the region showed that waters containing HCO~ and having a pH of

about 7. 5 are able to leach out a sufficient amount of uranium from the

ore andrtb,e granite to give rise to a uranium content in the natural

water^occurring in the region.
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The origin of the uranium-bearing water, which reaches the

surface in the form of uranium-bearing springs grouped in a northwest-

southeast direction, may probably be caused by a fissure system in the

same direction along the contact between the Lina granite and the

supracrustal rocks (see Fig. 2). The Lina granite carries pegmatites,

especially in the.vicinity of the contact with the supracrustal rocks.

It is also possible that the uranium-bearing water could be in

the form of ground water, in this case due to the local topography. In

that event springs may aslo occur along the northwest-southeast line.

In the first case there should be a flow from northwest to

southeast, and that will mean that the water has probably been transported

a considerable distance. The uranium content of the water may either

stem from released dispersely divided uranium in the surrounding

bedrock or from a uranium deposit, for example an uranium-bearing

iron ore or pegmatite through which the water passes. However, in

view of the topographical location of the uranium-bearing, ore - about

20 metres lower than the uranium-bearing bog - a connection between

these two is less likely*

In the second case there ovght to be a flow from southwest to

northeast, that is at right angles to the topography, within a sharply

defined area. However, since the surrounding bedrock is only very

slightly radioactive and ground water investigations in the moraine

south of the uranium-bearing bog proved to be negative as regards

uranium and radon this explanation is less likely. At the same time

the possible importance of the pegmatites should be considered. Spring

waters and the intra-bedrock water display high uranium contents

compared with the surrounding water.

It is possible that the high content of accessories in certain

granites, for example zircon and apatite is an explanation of the high

radon content of the water, Sahlbom (8).

Field measurements showed that most of the uranium-bearing

bog gives very weak gamma and beta values. However, there are high

local gamma values in those parts of the bog showing manganese

accumulations.
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There are marked differences in radioactivity in young secondary

uranium deposits of this typei

The uranium content in vegetation is more or less the same as

that of the underlying peat.

The tree found to be most suitable for biogeochémical uranium

prospecting is birch, Betula alba.

The results of the studies described above indicate that the

uranium content of the peat bog is probably supplied via intra-bedrock

and spring waters included in the drainage system of the region. These
' -1

waters contain HCO, ions of sodium, calcium and magnesium, this

being the prerequisite for bringing uranium into solution, probably as

complex sodium, magnesium and calcium carbonatesu

The uranium mineralisation of the bog is not completed and a

constant supply of large quantities of uranium is being added. As a

result a single spring is currently supplying more than 6 kg of uranium

per annum.

GA/lEg
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