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Here we present the possible use of crushed whole rock 
as slow release fertilizer in extensive agriculture. The 
rock, a silico-carbonatite containing about 30 % biotite, 
40 % calcite and 7,5 % apatite, is agrochemically a lime 
with 2,6 % K, 1,3 % P and 2,1 % Mg. 

Main obstacles are i) the possible ecotoxicity of high Ba 
and Sr in the rock (up to 15 g/kg) and ii) low plant 
availability of apatite-P from whole rock lime (high pH). 

Ad i) First results from a vegetation field study on 
Stjernøy concerning Ba- and Sr-uptake in plants are 
presented. Controlled plant experiments are planned.

Ad ii) A study on dry mineral separation to give con -
centrates of biotite and possibly apatite for production of 
low lime K-P-Mg (5-2,5-4) rock-fertilizer is necessary.

Geological frame

Field geology of carbonatite 

Ba and Sr ïpotentially toxic components

The apatite-biotite-
carbonatite on Stjernøy
is part of the neck like,
late stage Lillebukt 
alkaline complex
(LAC) in the center of 
the Seiland Igneous 
Province (SIP). 
The mafic to ultramafic
SIP, emplaced at mid-
dle crust level in late 
Ediacaran (560 Ma), 
is part of the Caledo-
nian Kalak Nappe Com-
plex, deformed and thrust during the Scandian phase at 
ca 420 Ma (Roberts et al., 2006). 

Beside carbonatite the 13 km2 LAC contains nepheline-
syenite (mined for glass and ceramic purposes for 50 
years), fenitized mafic and syenitic rocks and surrounding 
hornblende-pyroxenite (Strand, 1981).
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Simplified geological map of 
western Finnmark showing main 
elements (from Corfu et al., 2007)

Lillebukt alkaline complex

Seiland Igneous Province

Apatite-biotite-carbonatite 
with regolith covered by 
dense vegetation

Agrochemistry of apatite-biotite-carbonatite

The LAC has repeatedly been 
prospected for phosphate (apatite). 
Strand (1981) delineated apatite-rich 
areas that were drill -sampled in 2008 
(Gautneb, 2009). Average chemical 
composition (see left) in the area of 
interest, northwest of Saravann, 
gives a calculated average agro-
mineralogy of:

42  %   calcite 
30  %   biotite   (Fe/[Fe+Mg] = 0,75) 

7,5 %  apatite 

Average composition
of carbonatite in the 
area northwest of 
Saravann (n= 65)

Major % SD

SiO2 19 6,4

Al2O3 7 2,2

TiO2 2,5 0,88

Fe2O3 14 4,9

MgO 3,5 0,97

CaO 27 7,8

Na2O 1.1 0,96

K2O 3,1 0,87

MnO 0,28 0,07

P2O5 3 1,3

LOI 18 6,5

Sum 98,5

S 0,07 0,05

CO2 18 6,3

Trace mg/kg SD

Ba 3000 1600

Sr 4200 960

Ce 500 120

La 250 61

Nd 220 51

Zn 150 42

Co 30 9,3

Cu 10 9,3

Mo 1,6 0,44

Cd < 10

U 13 3,3

Th 12 3,0

Biotite-carbonatite rock powder from the area has 
significantly increased plant growth in both greenhouse 
and field K-fertilizing tests applying crushed rocks and 
minerals (Bakken et al., 1997a and b, 2000). However, 
other qualities that are likely to increase plant yield, as 
the supply of P and other elements (Ca, Mg, S) and the 
liming effect (amendment of soil acidity) have not yet 
been tested. A study is planned to document the overall 
fertilizing value of the Stjernøy carbonatite.

Important plant nutrients like K, P, Ca, 
and Mg are contained in main minerals 
that all have low weathering resistance, 
i.e. cations are easily available to plants

Studies with other biotite-rich rocks have shown that a 
single application of rock powder maintains a K-fertilizing 
ability for several years, while traditional fertilizer like KCl
has only an immediate effect. In areas with high precipi-
tation e.g., application of KCl to forage grasses has to be 
repeated several times within a single season.

Carbonatite rock powder could be applied to agricultural 
soils once every few years, substituting liming application.  
It is expected to be most suited on acid and sub -acid soils 
with inherent low fertility, as peat and sandy soil.

The carbonatite rocks are characterized by unusual high 
contents of Ba and Sr, averaging 2,7 and 4,2 g/kg in area 
of focus, and locally reaching >10 g/kg. Barium is mainly 
found in biotite, substituting up to 10 % of K -sites. Most 
Sr is located in calcite (up to 2 % of Ca -sites), the rest in 
apatite (Strand, 1981), all minerals weathering easily.

Little is known about speciation of Ba and Sr in soil and 
their uptake in plants. Ba is regarded to be highly toxic 
when bio-available but has a strong tendency to be 
precipitated as low soluble sulphate (baryte).

In order to elucidate this problem, plants and soil were 
collected in August 2009 from three areas (A, B and C) 
with defined and varying Ba- and Sr-content in bedrock.

ppm ppm

Plant analyses reveal a strong species dependant content 
of Ba and Sr. High values of Ba and Sr in bedrock are only 
moderately reflected in plants.

Areas selected for field-study to clarify bioavailability of Ba and Sr. 
Area A with high and B (in hornblende-pyroxenite) with low contents. 
Area C lies in potential mining area with intermediate Ba.

The content of Ba (and Sr) in plants is low in grasses, intermediate in 
dwarf shrubs, and highest in herbs. Difference in bedrock chemistry is 
most evident in the herbs, e.g. Vicia cracca L. 

The content of major nutrients (Ca, K, Mg, P) in grasses and herbs 
growing on Stjernøya are in agreement with the level observed in 
indigenous species growing in South Norway (e.g. Gjengedal, 1992).
In grasses the content of Ba and Sr is comparable to the levels of 
micronutrients.

Ratios characterizing the species dependent uptake of Ba and Sr in 
plants growing in the selected sampling sites, A, B, and C.Rock distribution

within the LAC is
complex due to both
primary and secon-
dary prosesses,
carbonatites being
concentrated in the
north. 

Dominating silicates 
in carbonatite are 
biotite in central 
parts and horn-
blende close to sur-
rounding pyroxenite.
Varying amounts of
mafic minerals and
calcite give a charac-
teristic banding in 

cm- to dm-scale, with in average about 40% carbonate 
(�Æsilico-sövite s.s.). Apatite is common in calcite-rich 

bands, constituting locally up to 15 %. Other minerals 
are nepheline, Fe-Ti-oxides, titanite and sulfides. The 
rock is coarse to very coarse grained, especially biotite. 
Mechanical and chemical weathering produced a thick 
cover and talus of usually biotite-dominated regolith. 
Redundant plant nutrients like P, Ca, K, and Mg in the 
rock give a dense, species-rich vegetation, unexpected 
at 700 north.

Yield of ryegrass in 
peat (limed), sand 
and silt soil, in a pot 
experiment:

Total K (25 g/pot) added 
in equal amounts from 
different sources, all 
other nutrients added as 
soluble fertilizer. 

RAE = Relative 
agronomic effectiveness 
(No K = 0, KCl= 100)

Adularia: a commercial 
feldspar-lime soil 
amendment

* Waste from
nepheline syenite
plant on Stjernøy

Uptake of Ba and Sr by grass species on 
Stjernøy is very low, irrespective of bedrock 
chemistry. Thus application of Stjernøy
apatite-biotite-carbonatite to grasses is not 
expected to cause toxic problems. Herbs, 
and especially leguminosae (e.g. V. Cracca) 
have a higher uptake, thus the potential 
toxic effects of Ba and Sr should be studied 
more thoroughly before rock powder of 
Stjernøy apatite-biotite-carbonatite can be 
recommended as a fertilizer.

Preliminary conclusion

Yield increase above  
unfertilized control, long 
term effects on forage 
grass on a peat soil:

K was applied in equal 
amounts in 1923, 1925, 
1926 and 1928. 

Treatments shown are 
conventional fertilizer (KCl) 
and two K-mineral powders.

After Retvedt 1938

Phlogopite-rich
(Mg-biotite)

in bedrock:
A  8000 
B    610
C  2700

in bedrock:
A  4500 
B    460
C  4200
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