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MINERAL COMPOSITION AND ITS RELATION TO TEXTURE AND
TO SOME CHEMICAL PROPERTIES IN FINNISH SUBSOILS

SiepoLa, J. Mineral composition and its relation to texture and
to some chemical properties in Finnish subsoils. Ann. Agric. Fenn.
13: 169—234.

The qualitative mineral composition of fractions separated from 56 subsoil
samples mostly from Southern Finland was studied by differential thermal and
X-ray diffraction analysis.

Mica, chlorite, vermiculite and smectite were identified in fine clay (<< 0.3 um).
In coarse clay (0.2—2 pm) there were in addition indications of potash and
plagioclase feldspars along with quartz, but not of smectite. In coarser fractions,
the same minerals were present as in coarse clay, together with small amounts
of amphibole and pyroxene minerals.

Contents of major minerals identified were estimated by chemical methods.
The fine clay consisted on average of 31 9%, mica”, 21 %, “chlorite”, 199,
“smectite’’, 109, “vermiculite” and 22 9%, “amorphous material”’, In coarse
clay the proportion of ”feldspars” and “quartz” together was almost 50 9%, rising
still further in coarser fractions.

The mineral composition of soil samples was assessed using weighted averages
of conversion factors and the results of chemical analyses on unfractionated

samples,

Multiple regression analyses indicated that ’mica”,

>, ’chlorite’’ and *’vermic-

ulite”” were the mineral components which influenced most strongly the total
major and trace element contents of samples.

INTRODUCTION

Texture is a decisive factor determining soil
properties. In Finland the contents of several
total soil elements are closely dependent on the
clay content of the soil (SaLminen 1933, 1935,
Karra 1973). Also the total contents of many
trace elements in Finnish soils are significantly
affected by soil texture (Vuorinen 1958, Sir-
LANPAA 1962). Readily extractable amounts of
soil potassium and magnesium are closely cor-
related with the percentage of clay (ScmAGHT-
scHABEL 1961, KarLa 1967, 1973, HENRIKSEN
1971). The fixation of potassium by soils is cor-
related with the clay content although the de-
pendence is not very close (SCHACHTSCHABEL and

K&sTER 1960, Karra 1965). The percentage of
clay affects the cation exchange capacity and
also the contents and proportions of exchange-
able cations (AArRNIO 1942).

SaLmiNeN (1933) observed when studying the
chemical composition of Finnish clays that dif-
ferences in elemental composition between sam-
ples varying in texture did not depend on the
age or depth but on mineral composition. He
assumed that differences in hardness of minerals
have resulted in their breaking down to char-
acteristic particle size fractions when the soil
parent material has been ground by glacial
action.
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Also in other than Finnish soils it has been
found that in a given fraction certain minerals
are abundant (ScHWERTMANN 1961, KHADER
1966, StocH and Sikora 1968). Thus in various
particle size fractions different minerals predom-
inate and the major minerals determine the
soil properties.

According to the results of X-ray mineral an-
alyses of Finnish clays (Soverr 1956) and of fine
fractions of Finnish Glacial tills (Soverr and
HyvprA 1966), differences in the mineral com-
position of various particle size fractions are
clear. Mica or trioctahedral illite types of min-
erals predominate in clay and the amount of
feldspars and quartz increases in coarser frac-
tions. The same type of distribution of minerals
among particle size fractions is also found when
chemical methods are used to determine the
mineral composition of Finnish soils (Sippora
1972). These determinations have shown that
the contents of mica, vermiculite, chlorite and

amorphous material in size fractions diminish
with increasing particle size while the contents
of feldspars and quartz increase.

The relationship between soil chemical prop-
erties, mineralogy and texture could be closer
in Finnish soils than in soils of warmer climates.
This is suggested by the formation of soils from
rock material ground by continental ice sheets
during glaciation. Also the relatively short
period during which the soils have undergone
the weathering action of a temperate climate
suggests likewise.

The purpose of the present study is to in-
vestigate the mineral composition of various
Finnish soils and their particle size fractions.
The relationship between soil texture and min-
eral composition and the feasibility of determin-
ing the mineral composition using the results
of mechanical analyses was studied. The de-
pendence of some soil chemical properties on
mineral composition was also examined.

1. Research material

The material consists of soil samples collected
mostly from Southern Finland (Fig. 1). Many
of the soils were sampled in connection with the
soil survey carried out by the Institute of Soil
Science of the Agricultural Research Centre.
This explains why a large number of samples
was taken in the Kouvola district. Seven samples
were selected for each of the eight soil textural
classes, which were set up according to AarTo-
NEN et al. (1949) and Vuorinen (1961), (Table 1,
Fig. 2). The basis for differentiating finer and
coarser silt soil classes was the predominance
of the 2—6 pm and 6—20 pm fractions respec-
tively.

To avoid the difficulties which organic matter
and its removal entail in mineral analyses,
samples were taken from below the surface layer.
Most of the fine textured samples are from
subsoils of cultivated fields from depths of 20—
40, 40—60 and 60—80 cm, but also samples
from corresponding depths of virgin areas are
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included. The finesand and sand samples are
from clearly podsolized soils representing A,, B
and C horizons. Some of the finesand and sand
samples contain much fine material (Table I).
These samples do not, however, represent glacial
till material. According to the regional distribu-
tion, the material could be divided into six
groups (Fig. 1).

The pH, determined in a 0.01 M CaCl,; sus-
pension with a soil:liquid volume ratio of 1:2.s,
ranges on average from 4.5 to 5.9 for the various
soil textural classes (Table 2).

The content of organic carbon, estimated by a
dichromate wet combustion method (WALKLEY
and Brack 1934), is low because samples were
taken from subsoil. Sandy clays of the present
material are richer than other clay soils in
organic carbon. The variation within the fine-
sand class is large because samples from podzol
horizons rich in organic matter are included.

The particle size distribution was determined



'l-
oo 3 - 1
.IA// (
5

ce’

1.Uusimaa district
2.South-West Finland | i
S-Kouvola district % \"\
4.Satakunta district
5.0strobothnia

. Central Finland

W Heavy clay
A Silty clay |
[ Sandy clon
O Finer silt }
‘0 Coorser/,é/ilt
© Finerfinesand
_\Jg_)fﬁmjesand‘gﬁ
‘®Sand &

Fig. 1. Regional distribution of the samples. The localities marked
show the approximate sampling sites. The broken lines serve only to
distinguish the various regional groups.

by the pipette method (ELoNEN 1971). The fine mechanical analyses. The heavy clay samples
clay fraction (< 0.2 um) was determined by differ relatively little from each other in their
centrifugal sedimentation. The grouping of sam-  textural composition (Fig. 2), whereas the other
ples into classes was based on the results of soil groups are more variable.
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Table 1. Soil samples.

Particle size (pm) distribution %

. N o 8

ey TR PE e, 8% 2 7 4 5 0§ BB
\Y% 3 v o~ =3 é é

o~

1 Vantaa Cultiv. Heavy C  60—90 5.4 0.8 39 49 88 9 2 1 0

2  Valkeala . clay C 60—80 5.5 0.4 36 46 82 15 3 0 0
3  Sippola ’s ’s G 60—80 6.2 0.4 33 52 85 11 3 1 0
4 Iitti s s G 60—80 6.2 0.5 42 48 90 5 4 1 0
5  Pertteli » » C  60—80 5.2 0.5 31 50 81 13 4 2 0
6  Somero ’ » G 60—80 6.2 0.5 29 48 77 18 4 1 0
7  Tammela . » G 60—80 6.1 0.a 48 46 94 4 2 0 0
8  TIkaalinen Cultiv. Silty G 50—70 5a 0.4 15 31 46 46 6 1 1
9  Iitti ’ clay G 60—80 5.9 0.4 20 35 55 28 10 4 3
10 Isokyrd . » C 60—80 5.7 0.9 18 35 53 41 5 1 0
11 Kauhava s s G 6080 6.3 0.5 11 40 51 46 3 0 0
12 Koski Tl 1 Virgin ,, G 60—80 6.2 0.5 17 38 55 30 10 4 1
13  Koski TI. 2 Cultiv. ,, C 60—80 6.2 0.4 14 44 58 32 8 1 1
14  Nurmijirvi 5 » C  50—60 5.7 0.5 22 25 47 45 8 0 0
15  TIkaalinen Cultiv. Sandy C  30—50 5a 0.4 17 29 46 34 8 8 4
16  Laihia s clay C  60—80 3 l.a 19 19 38 39 18 2 3
17 Karkku » » G 40—60 4.8 1a 8 27 35 41 11 7 6
18  Kiikoinen » s B 20—40 5.4 0.8 12 23 35 37 6 12 10
19  Pernaja » » B 2040 5.0 lo 16 24 40 17 31 11 1
20  Nakkila . s C 40—60 4.0 ls 9 31 40 39 17 3 1
21  Siuntio " ’» B 2040 5a la 12 39 51 24 10 11 4
22  Lavia Cultiv. Finer C  40—60 4.7 la 10 26 36 50 1 4 9
23 Kuusankoski ' silt B 20—40 5.3 1o 6 19 25 56 14 4 1
24 Iitti . s C 40—60 5.9 0.3 6 19 25 67 6 1 1
25  Kangasala Virgin B 2035 4.2 la 1 25 26 67 3 1 3
26 Moubhijarvi Cultiv. C  40—50 5.0 0.7 4 35 39 58 0 1 2
27  Hyvinkia 1 ’s »s B 35—45 5. 0.7 6 26 32 51 11 4 2
28  Hyvinkii 2 s s B 20—40 51 0.8 5 25 30 59 5 3 3
29  Jyviskyld Cultiv. Coarser C  40—60 4.8 0.9 1 23 24 60 15 1 0
30 Valkeala a5 silt G 40—60 5.4 0.9 6 23 29 59 3 3 6
31 Tkaalinen » » B 15—30 4.8 0.a 7 15 22 41 13 18 6
32 Iittil » s C 40—60 5.5 0.3 9 18 27 58 13 1 1
33  Sédynitsalo 5 » C 40—60 5.2 0.4 2 15 17 50 25 4 4
34  Iitti2 Virgin G 40—60 5.3 0.3 2 27 29 42 21 4 4
35  Siuntio Cultiv. ,, B 20—40 5.3 0.3 8 13 21 55 22 1 1
36 Kemin mlk Cultiv. Finer C  40—60 4 0.4 — — 3 10 56 22 9
37  Mikkeli s finesand C  40—60 4.6 0.3 — — 2 14 60 22 2
38 Laukaa s s B 20—40 5.0 0.7 — — 4 36 47 12 1
39  Valkeala » s C  40—60 5.8 0.3 2 6 8 29 53 10 0
40  Palkine » s G 40—60 51 0.5 4 9 13 31 39 16 1
41 Munsala Virgin ,, G 40—60 4.2 0.3 — — — 6 57 35 2
42  Kirkkonummi Cultiv. ,, C 4060 6.0 0.2 4 10 14 28 33 18 7
43  Mikkeli Cultiv. Finesand B 20—40 4. 0.5 — — 2 10 23 47 18
44 Titti » . C 40—60 5.3 0.4 — — 4 4 10 66 16
45  XKaarina » s B 2040 4. l.o 7 13 20 10 7 41 22
46  Elimiki Virgin ,, B 1525 4a 2.8 — — — — 8 59 33
47  Vantaa ' s G 5070 4.3 0.6 — — 3 1 5 51 40
48  Porvoo Cultiv. G 40—60 4.6 0.2 — — 4 2 11 73 10
49  Siuntio » s -G 40—60 4.4 0.2 3 7 10 7 11 54 18
50 Kemi Virgin Sand G 5070 4.6 0a — — — — — 2 98
51  Toivakka »s s B 1040 5.0 0.7 — — — —_ 2 6 92
52  Laukaa » ’ B 10—20 4.5 0.2 — — — — 1 4 95
53  Iittil 5 » B 2040 4. 0.5 — — 1 6 1 22 60
54  Titti 2 5 s A, 5—15 4a l.a — — 2 8 15 18 57
55 Parainen » ’» G 40—60 4.8 0.0 — — — — 1 14 85
56  Lohja s s C 4050 5.0 0.2 — — —_ — — 3 97
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Fig. 2. The soil samples fitted into the textural triangle (FINER=O .COARSER= ®)
proposed by VuoriNeN (1961). The finesand and sand ~ %0 O '
samples are not shown but they would be concentrated 5o g0 80 70 60 50 40 30 20 10 I_OO

in the left corner of the triangle. >20um (%)

Table 2. The pH, contents of organic C and dithionite extractable Fe, and particle size distribution of soil textural
: classes. Mean values with confidence limits at the 95 9, level.

Heavy Silty Sandy Finer Coarser Finer Fine-

clay clay clay silt silt finesand sand Sand
PHcacie 58+03 58304 47406 51405 a+4+0 504+ 06 454 0.2 46 - 03
Org. C9% 05+01 05401 lo4t01 08402 05401 04401 0.9 04 0.5 + 0.2
Fepxtr- % ls+06 lo40s loz+1lo O0s+03 0840 08+ 14 03-+03 024 02
Fraction: .
< 0.2 pm 37+ 6 17 4 4 13 + 4 543 543 242 143 040
0.2—2 pm 49 4- 2 35+ 6 28 + 6 2545 1945 444 3+ 5 040
<2 pm 86 + 5 52 4+ 4 41 4+ 5 30 +5 24 + 4 643 646 041
2—20 pm 104+ 5 38 4+ 7 33+ 8 58 4+ 6 52 4 7 22 411 544 243
20—60 upm 341 7+3 14+ 8 645 16 4- 7 49 1 9 11+ 6 546
60—200 um 1+0 241 8+ 3 341 546 1948 57 + 10 104 8
200—2 000 pm 040 141 443 3412 342 343 23 410 83 + 16

2. Analytical methods

2.1 Separation of particle size fractions

To separate particle size fractions, 30 to 100 g
of soil, depending on the texture of the sample,
was treated with hydrogen peroxide and dithio-
nite-citrate solution to remove organic matter
and remove free iron oxides (MEHRA and Jack-
soN 1960). Two dithionite-citrate extractions
were made followed by a mild hydrogen per-
oxide treatment to complete the extraction.
After dispersion in 0.01 M sodium pyrophosphate
the soil samples were fractionated by centrif-
ugation, gravity sedimentation and sieving into
the following six particle size fractions: < 0.2 pm,

0.2—2 pm, 2—20 pm, 20—60 pm, 60—200 pm
and 200—2 000 pm (WrITTING 1965, DAY 1965).

The centrifugation time for separating the
fine clay fraction (<< 0.2 pm) was calculated
using the integrated form of Stokes’ law, which
is given in the following form by WHITTING
(1965):

. n log (R/S)
time in seconds = 3 N2 2 (AS) (A8)

where r is the particle radius (cm) and AS the
difference in specific gravities of the particles
and their suspension medium, which are 2.65
and l.oo, respectively. R is the radius of rota-
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tion (cm) of the top of the sediment in the tube.
R was 22 cm in the MSE centrifuge used. S is
the radius of rotation (cm) of the surface of the
suspension. S was 10 cm in the separations made.
When the height of sediment in the tube varied
slightly during the separation, the height of the
suspension was adjusted to keep the value of
the expression log (R/S) constant. The viscosity
n (in poises) is closely dependent on the tem-
perature. Because the centrifuge warmed up
during the separation, the suspensions were
brought to the 30° C equilibrium temperature
reached during the 46 minutes’ centrifuging
time before the centrifuging was started. The
speed used was N = 40 revolutions per second.

After the centrifugation the supernatant
liquid was decanted and the separation was
repeated 5 to 6 times, or until the supernatant
was almost clear. Coarse clay and silt were
separated by gravity sedimentation and finer
finesand, finesand and sand fractions by sieving.

For the various chemical, differential thermal
and X-ray diffraction analyses, NH,-, K- and
Mg-saturated samples were prepared from the
separated fractions (WHITTING 1965). Normal
chloride solutions were used for ion displacement
in the centrifuge tubes. After three treatments
the excess salts were first removed with water
and finally with methanol. Fractions amount-
ing to less than 5 9, of the sample were sepa-
rated, but only exceptionally were they pre-

pared and analyzed further. Samples were dried

at 50° C in an oven, ground fine in an agate
mortar and stored in plastic vials.

2.2 Differential thermal analysis

Differential thermal analysis (DTA) was car-
ried out with a Gerdtebau Netsch apparatus.
Samples for analysis were equilibrated over
saturated Mg(NQg), solution, after which 700 mg
was weighed for DTA without dilution (Mac-
KENZIE and MritcreLL 1957). Ground potash
feldspar was used as the inert reference sub-
stance. The rate of heating was 10° G per min-
ute. Soil samples were first studied by DTA
without any pretreatment. Separated particle
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size fractions were submitted to DTA as Mg-
saturated samples.

DTA was also used to determine the amount
of quartz in soil samples. The estimations were
based on the area of the quartz peak occurring
at 573°C (Grivsgaw 1953). The area was
calculated from the height and the half-height
width of the peak. Particle size fractions of
ground quartz diluted with powdered potash
feldspar were used as standards for samples of
respective soil textural classes.

2.3 X-ray diffraction analysis

X-ray diffractograms were obtained with a Phi-
lips diffractometer with Cu radiation filtered
through Ni. Orientated slides of K- and Mg-
saturated samples were prepared by drying the
sample suspended in water at room temperature.
To test for minerals with an expanding lattice,
Mg-saturated samples on the slide were sprayed
with dilute glycerol and dried at 50° C before
the second X-ray examination. The K-saturated
samples were heated at 500° C for one hour
after the first X-raying to collapse the easily
dehydrating interlayers. The contraction allows
an assessment of the types of chlorites in the
samples (WarrTiNg 1965). The interpretation
of the X-ray diffractograms was based mainly
on the diffraction spacings of variously treated
minerals (Table 3).

2.4 Heavy mineral separations

Heavy minerals were separated from some fine-
sand and sand fractions. A mixture of density
2.68 was prepared from di-iodomethane and
bromonaphthalene. Separation was carried out
in a separating funnel. The heavy, non-floating
minerals were run into a funnel in which a
filter paper had been placed. The minerals and
filter paper were washed with methanol and
dried before weighing.

2.5 Estimation of mineral components in particle size
Jractions

The estimation of mineral components in par-
ticle size fractions was made with methods



Table 3. The principal X-ray diffraction spacings of

layer silicates as related to the sample treatment
(WmrTiNG 1965).
Diffraction
spa‘iing Mineral indicated
Mg-saturated, air-dried
14 —15 Montmorillonite, vermiculite, chlorite
9.9— 101  Mica
715 Kaolinite, chlorite
Mg-saturated, glycerol solvated
17.—18.0  Montmorillonite
14— 15 Vermiculite, chlorite
99— 101 Mica
7.15 Kaolinite, chlorite
K-saturated, air-dried
14—15 Chlorite
12.4—12.s Montmorillonite
9.9—10.1 Mica, vermiculite
7.15 Kaolinite, chlorite
K-saturated, heated (500° C)
14 Chlorite
"9,9—10.1 Mica, vermiculite, montmorillonite
7.5 Chlorite

proposed by Avrexiapes and Jackson (1966).
These methods are based on the chemical prop-
erties of minerals. The determination of vermic-
ulite was based on that part of the cation-
exchange capacity which is blocked by K fixa-
tion. Smectite was estimated on the basis of
exchange capacity determined by K-saturation
and subsequent displacement by NH,. That
part of this exchange capacity not allocated to
other mineral components determined is as-
sumed to represent smectite. The determination
of chlorite was based on the relatively high
hydroxyl water content, characteristic of chlorite
(ALexiapes and Jackson 1967). The weight
loss between 300 and 950° C is determined on
the samples, and an average correction for the
weight loss of other mineral components is
made. The content of amorphous material was
determined as the amount of alumina and silica
which dissolves in alkali. The determination
of mica and K feldspar was based on the K
contents of these minerals (KieLy and Jackson
1965). Total potassium was determined on the
samples and the allocation of K to the two min-
erals was made by assuming that the K in the

residue after pyrosulphate fusion to destroy
sheet silicates represents K feldspar. Also Ca
and Na feldspars were estimated on the bases
of the Ca and Na contents in the fusion residue.
A correction for dissolution of feldspars during
the fusion was made. Quartz was determined
as the difference between the fusion residue and
the sum of feldspars estimated.

The chemical methods estimate the mineral
composition of samples as endmember equivalent
amounts (ALeExIADES and JacksoN 1966). Thus
the estimates obtained for a given mineral in-
clude also amounts occurring as inclusions or
mixed layers within crystals of other mineral
species. The occurence in soils of such mineral
mixtures is very common. To make a differ-
ence between minerals occuring as well crystal-
line material to which the names used refer
and soil minerals which were estimated and
are more variable in their properties, the names
of minerals estimated are put in inverted com-
mas. The determinations made were as follows:

“Feldspars” and “quartz”. A 200 mg
sample was weighed for determination of the
amount of residue remaining after fusion with
Na,S,0,. Analysis for K, Na and Ca in the
residue was carried out according to the HEF-
HC1O, method (PraTT 1965).

The estimation of ’Ca, K and Na feldspars™
as endmember equivalent amounts in each
fraction was as follows (KieLy and Jackson
1965):

o . . respective
% feldspar” = % Ca, I?or N:;‘ inresidue o version
(original sample basis) factor

When calculating the amount of ’Na feldspar”
a special correction factor as proposed by KieLy
and Jackson (1965) for sodium absorption by
potash feldspar during sodium pyrosulphate
fusion was not used.

The percentage of *quartz’” was calculated
in each fraction by subtracting the sum of the
estimated fusion residue of each »feldspar”
from the percent fusion residue of the sample
and correcting the result for dissolution of
quartz as follows (KieLy and Jackson 1965):
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0/ .
vartz”’ = g
%7 9 fusion residue

of quartz

The conversion factors and fusion residue
percentages used (Table 4) were determined
according to Kiery and Jackson (1965) using
two sodium rich plagioclase feldspars, two K
feldspars, three quartz samples and five sand
fractions of soils. The feldspar samples and one
quartz sample were provided by Mr. Osst
NAvkkr (Phil. Lic.), Department of Geology
and Mineralogy, University of Helsinki. The
two other quartz samples were quartz stones
collected from South-West and Southern Fin-
land. The sand fractions were separated from
samples of sand soils collected from Southern
Finland. Layer lattice minerals were removed
from these sand fractions by pyrosulphate fusion
before grinding in an agate mortar. The feldspar
and quartz samples were similarly ground to
obtain the needed size fractions by sedimenta-
tion and sieving.

Because feldspars went over to the fine frac-
tions during the -grinding of sand samples, it
was not possible to determine the rate of dis-
solution of Ca, Na and K during separation.

of feldspar

o . .
100 x { % fusion residue ? % fusion residue X 9% ’feldspar”
of the sample

100

Therefore in calculating the conversion factors
it was assumed that the component feldspars in
fractions separated from sand soils dissolved
at the same rate as the ground feldspars. The
conversion factors used to estimate amounts as
endmember equivalent feldspars were calculated
according to Kiery and Jackson (1965).

”Mica”. The percentage of “mica” was
estimated from the amount of potassium alloted
to ”mica”. The amount of “mica potassium™
was obtained by subtracting “’feldspar K’ from
the total K content of NH, saturated samples.
The amount of potassium in feldspar was de-
termined by the pyrosulphate fusion method
(KieLy and Jackson 1965). The 7.5 per cent
K content proposed as an average for-triocta-
hedral mica by ALEX1ADES and Jackson (1965)
was used as the basis of the calculations as fol-
lows:

. total K — K feldspar” K .
9% ’mica’ = 7a X 100

"Amorphous material’. ”Amor-
phous material’”® was estimated as the sum of the

Table 4. Factors for converting the fusion residue K, Na and Ca to the respective endmember equivalent feldspars,
and fusion residue percentages.

Fraction pm

0.2—2 2—20 20—60 60—200 200—2 000
Conversion factors:
K to K feldspar K mean 1.7 1.20 Laz .08 “Los
range 1.63— l.9s la1— L3 l.os— la1 lios — l.aa 0.5 — 1.1
K to K feldspar mean 13.0 8.63 8.2 7.67 7.47
range 12,0 — 14 7.99 — 9.53 7.42 — 879 7.29 — 8.07 6.75 — 7.88
Na to Na feldspar mean 154 12.2 11.s 11.6 11.
range 144 — 158 1l — 130 1Ils — 124 1l — 121 11 — 118
Ca to Ca feldspar mean 14.7 9.31 8.14 7.a7 7.24
range 120 — 161 7.68— 10.50  7.20 — 9.22 6.87 — 8.70 6.92 — 7.55
Fusion residue percentage of:
K feldspar mean 65.1 9l.s 9.3 96.2 97.s
range 6l.s —68.s 915 —92.2 930 — 946 961 — 96.2 96.3 — 98.7
Ca and Na feldspars mean 56.2 88.4 92.s 95.9 96.5
range 55.6 — 56.9 86.2 —90.s 903 — 949 945 —97.3 957 —97.e
Quartz mean 84.2 90.8 95.2 96.5 98.5
range 82.0 — 863 894 — 927 945 — 967 959 — 96 973 — 99.6
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amounts of ALO,; and SiO, extracted by 0.5
N NaOH from K-saturated samples (HasHi-
moto and JacksoN 1960). Samples ranging from
100 mg to 1 g, depending on the texture, were
boiled in 50 ml of 0.5 ¥ NaOH for 2.5 minutes.
The alumina and silica in centrifuged extracts
were determined by atomic absorption spectro-
scopy. ’Amorphous material” was assumed to
contain 10 9%, water (ALEXIADEs and JACksoN
1966).

"Wermiculite”. ”Vermiculite” was es-
timated from a difference between cation-ex-
change capacities determined in two ways.
Firstly, exchange capacity was determined by
saturating samples with calcium and using
magnesium as the displacing ion. In the second
determination, the same samples were saturated
with potassium, washed free of excess salts,
dried at 110° C overnight and then exchangeable
potassium was displaced by ammonium. Neutral
1 WV chloride solutions were used for displace-
ments in leaching tubes. The exchanged calcium
and potassium were determined by atomic
absorption spectroscopy. The calculation of
Pvermiculite” was based on an average inter-
layer exchange capacity of 154 me/100g for
so called standard vermiculites studied by
ALEXIADES and Jackson (1965) as follows:
CECca-CECx

154

where CECga is the exchange capacity in me/100 g
determined by calcium saturation and CECg is the
exchange capacity determined by potassium satura-
tion (ALExIADES and JAckson 1965).

x 100

% *’vermiculite” =

"Smectite”’. “Smectite” was estimated
from the CECg values from which 5 me/100 g
for external surface exchange capacity and
105 me/100 g for the component determined as
“amorphous material” had been subtracted.
The calculation was as follows (ALEX1ADES and
Jackson 1965):

»amorphous

CECx — (5 4 l.os X 9, material”)

lL.os

% ’’smectite’ =

”Chlorite”. Chlorite” was estimated from
the weight loss due to ignition of K-saturated
samples between 300 to 950° C (ALEXIADES and

Jackson 1967). The water loss in this tempera-
ture range due to other components was sub-
tracted from the measured water loss of the
sample to obtain the “’chlorite’ water loss. The
water loss of other components was calculated
by using the following average water contents:
?mica” 4 %, “vermiculite” 4.5 9%, and “amor-
phous material” 8 9,. A water loss of 14 per
cent was used as the water loss of *’chlorite”.
The weight gain caused by the oxidation of
ferrous iron was directly converted to percent
?’chlorite”, The calculation was as follows:

A-B
% *’chlorite” = —3~ % 100 + (% FeO) x 0.9

where A is the per cent ignition loss of the sample.
B is the ignition loss caused by components other than
“chlorite’’. FeO is the ferrous oxide percentage of each
sample.

The wvariation coefficient of the chemical
determinations used ranged from 2—4 9, de-
pending on the type of determination. The mean
of duplicate determinations was calculated be-
fore estimating minerals. Therefore no estimates
for variation in the actual mineral determina-
tions were obtained. It is clear, however, that
the various transformations made to calculate
the contents of minerals cause an increase in
the relative size of the error in the mineral
estimates. Nevertheless, variation in the chemical
properties used for the estimation of minerals is
likely to be a more important source of error
in the results.

2.6 Estimation of mineral composition in the soil
samples

Method A. In method A, all chemical de-
terminations for mineral analysis according to
the method of ArLexiapes and Jackson (1966)
were made on unfractionated soil samples. The
samples were saturated with the cation required
by each analysis. *Mica”, *’chlorite”, “vermi-
culite”, ”smectite” and “amorphous material”
were calculated from the results of chemical
analyses in the same way as for fractions using
conversion factors based on the average prop-
erties of each component. The conversion factors
and fusion residue percentages needed for cal-
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culating “’feldspar’’ contents, the amount of
potassium in K feldspar” and the content
of quartz”, were calculated for each sample
as weighted averages of factors and residue
percentages of particle size fractions accord-
ing to the following formula:

%p
ce
where
a is the conversion factor or fusion residue percentage
of a soil sample for calculating ’Ca-, Na-, K feld-
spar”, ¥K feldspar” K or ’quartz”
is the percentage of a particle size fraction in the
sample
is the conversion factor or residue percentage for
the respective particle size fraction
cc is coarse clay fraction
s 1is sand fraction

Method B. In method B, mineral con-
tents of the various particle size fractions of
each sample and the mechanical composition
of the sample were used to calculate the mineral
composition as follows:

K]
bl
®= "o

where :

B is the percentage of a mineral in the soil sample

m is the percentage of the mineral in a particle size
fraction

p is the percentage of the respective particle size frac-
tion in the sample

fc is fine clay fraction

s is sand fraction

Method C. According to method C, the
mineral composition of a given soil sample was
calculated from the weighted average mineral
composition of size fractions and from the par-
ticle size distribution of the sample. The weight-
ed average mineral composition of a given frac-
tion was obtained by using the percentage of
the fraction in the sample as the weight in the
following way:

where
w is the weighted average percentage of the mineral
in a particle size fraction
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m is the percentage of the mineral in the respective
particle size fraction of a sample

p is the percentage of the respective particle size frac-
tion

n is number of samples analyzed

The calculation of the percentage amounts of
minerals in samples was as follows:

100

where

G is the percentage of a mineral in the soil sample

w  is the weighted average mineral percentage of a frac-
tion

p is the percentage of the fraction

fc is fine clay fraction

s is sand fraction

2.7 Determination of some chemical properties of soils

Air dried soil samples ground to pass through
a 2 mm sieve were used for the determinations.
Total analyses of K, Na, Ca, Mg and Fe were
made using finely powdered NH,-saturated-0.1
or 0.2 g samples. The HF-HCIO, digestion was
performed in teflon beakers and the residue was
taken up in 6 N HCIl. The solutions contained
0.5 9% La to prevent interference in the atomic
absorption spectroscopic determinations (PraTT
1965). :

Total amounts of Cr, Co, Cu, Mn, Mo, Ni, Pb,
Sr, V and Zn were determined using a 2 m
ARL grating spectrograph. Silver and palladium
were used as internal standards (Lappr and
MixiTie 1955). The excitation was made with
9 and 12 A currents for volatile and non-volatile
elements respectively. The matrix of the stand-
ards was a gyttja clay.

Wet fixation of added potassium was deter-
mined according to SCHACHTSCHABEL and Kos-
TER (1960). Ten grams of soil were shaken for
one hour with 25 ml of 0.oe N KCI solution
and 1 /N ammonium acetate was used to dis-
place the potassium. The estimates for potas-
sium fixation on drying the sample were ob-
tained in connection with the determination
of “’vermiculite”.

Nonexchangeable acid-extractable potassium
and magnesium were estimated by heating 5 g
samples of soil in centrifuge tubes with 50 ml



of 1 ;N HCI solution at 50° C in an oven for 24
hours (ScuacHTSGHABEL 1961). Stoppered cen-
trifuge tubes containing the samples were shaken
five times during the extraction period. Potas-
sium and magnesium were determined by atomic
absorption spectroscopy. Exchangeable cations
were not removed before the extraction but the
amounts of exchangeable potassium and mag-
nesium determined by ammonium acetate ex-
traction were substracted from the values ob-
tained. '
Basic' exchangeable cations were extracted
with 1 N neutral ammonium acetate. Titratable
acidity was determined at pH 7 by the method

3. Minerals in

Untreated soil samples were first studied by
differential thermal analysis (DTA) to get a
general idea of the types of minerals occuring
in the samples. Because of great similarity of
DTA curves obtained for samples in each soil
textural class, only three curves of each class
are shown in Fig. 3. Although there are minerals
which cannot be detected in soils by DTA, the
curves obtained indicate many of the minerals
present in the samples studied.

In curves for the heavy clay soils, the rela-
tively large first endothermic peak (maximum
at 120—140° C) indicates the fineness of texture
and large surface area in the material of these
samples. In addition to smectites, or minerals
of the montmorillonite-saponite group (BrinD-
LEY 1966), amorphous material and allophane
produce a large endothermic reaction with a
maximum at 120—140°C (GriM and Row-
LAND 1942, MrrcHELL and FARMER 1962, Bra-
CEWELL et al. 1970). :

The peak with a maximum at 220—240° G
indicates that there are minerals with crystal
properties characteristic of vermiculite in these
samples (e.g. BARsHAD 1948).

The temperature and intensity of the second
endothermic maximum at 540—560° C is char-
acteristic of illite-type minerals (GriM and

of BRown (1943). Exchange capacity (CECac)
was estimated as the sum of basic exchangeable
cations and titratable acidity. Values for cation
exchange capacities (CECga and CECg) were
also obtained in connection with the determina-
tion of “’vermiculite”.

Free iron was extracted by a dithionite-citrate
solution and was determined by atomic absorp-
tion spectroscopy (HoLMmcreEn 1967). Ferrous
iron was determined by titration with ammonium
ferrous sulphate after decomposition of the
sample with HF in presence of ammonium vana-
date (WiLson 1960).

the soil samples

Rowranp 1942, Soverr 1950). The reactions at
temperatures above 800° C caused by destruc-
tion of the structure of the layer lattice minerals
are weak when compared to those of the normal
illites (Griv and Rowranp 1942).

In silty and sandy clay samples, quartz is
identifiable by the peak at 573° C in the DTA
curves. Some of the sandy clay samples contain
considerable amounts of organic matter (Ta-
ble 1). This is indicated by a large exothermic
reaction at the temperature range from 280—
350° Cin curves 18, 20 and 21. The endothermic
reaction at 220—240° C which is noticeable
in the curves of heavy and silty clays do not
appear in the curves of sandy clays.

The DTA curves for finer finesand, finesand
and sand soil samples (Fig.3) show only a
small primary endothermic peak, or it is totally
absent. There are, however, indications of
vermiculite, as shown by a shoulder at a little
over 200° C in some of the curves. The size
of the illite peak with the maximum between
500 and 600° C diminishes and there is no
evidence of clay minerals in the curves for sam-
ples 50, 55 and 56 which belong to the sand
soils. Instead the amount of quartz clearly
increases when the particle size of samples in-
creases.
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Fig. 3. DTA curves for heavy clay (2, 4, 7), silty clay
(10, 12, 14), sandy clay (18, 20, 21), finer silt (25, 27,
28), coarser silt (29, 30, 32), finer finesand (39, 40, 42),
finesand (47, 48, 49) and sand (50, 55, 56) soil samples.
Numbers of the samples are as in Table 1.
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3.1 Mineral composition of particle size fractions

Although it is possible to identify some minerals
using the DTA method on untreated and non-
fractionated samples, it is clear that fractiona-
tion will lead to a concentration of minerals into
certain separates. Thus the identification of
component minerals will be improved. Also the
saturation of separated fractions with various
ions, a method used extensively in the X-ray
analysis of clay minerals, will help in identifica-
tion with DTA. However, the treatments used
to achieve particle size fractionation may cause
some unwanted changes in the least stable
minerals (BEUTELsPACHER and FIEDLER 1963,
Doucras 1967, Epwarps and BrREMNER 1967).
Therefore intensive treatments should be avoided
in the preparation of samples, and care should
be used when the results are interpreted.

3.1.1 Qualitative mineral analyses of fine clay -
fraction

To determine which minerals are present in the
fine clay fraction separated from various soils,
differential thermal and X-ray analyses were
carried out. The results are shown in Figs. 4
and 5. Because of the great similarity of DTA
curves within each soil textural class of seven
samples, only three curves are shown for each
class. Of the three samples analysed with X-ray
in each textural class, only one variously treated
sample is shown in diffractogram form. Only
three fractions of each textural class were studied
by X-ray diffraction, since the DTA curves
show that the mineral composition in each soil
class was very similar. For X-ray investigations
the most differentiating samples were selected.

DT-analyses. TheDTA curves of fine
clay did not indicate great dissimilarities be-
tween fractions separated from different soil
textural classes. The height of the first endother-
mic reaction with the maximum at 140—160° G
was of the same order for all classes and its size
indicates a large amount of adsorbed water
held by virtue of the fineness and large surface
area of the material. The peak was broad, ex-



tending beyond 240°C, where the endothermic
maximum, characteristic of vermiculite, occurs
(Barsaap 1948). The double peak as in curve 9
and less clearly in curve 26 indicates, however,
the presence of vermiculite in this fraction. Also
the broadening of the first endothermic peak
at just above 200° C, as in curves 6, 13 and 22,
shows that crystal lattices with the properties
of vermiculite do occur in the fine clay (KErNs
and MANkIN 1967).

The second endothermic peak, the so-called
clay mineral peak, with a maximum at 540 to
560° G was usually sharp, and resembled the
peaks obtained with unfractionated heavy clay
samples. The temperature of the peak maximum
varied very little. Generally the peak temper-
ature of clay soil separates was between 550 and
560° C whereas the peak temperature of silt soil
separates was between 540 and 550° C. The size
of the clay mineral peak was smallest with an
average height of 47 4- 5 mm (mean with con-
fidence limits at the 95 9, level) measured on
the original curves, in the curves for heavy clay
separates. The height of the clay mineral peak
increased with increasing particle size of sam-
ples from which the fine clay was separated.
The average height of the corresponding peak in
the curves for the fine clay fraction of coarse
silt soils was 76 4~ 10 mm. The second endother-
mic peak of the DTA curves does not indicate
any differences in the mineral composition of
fine clay fractions separated from various soils
but does suggest that there are differences in
the proportions of component minerals.

The temperature of the clay mineral peak
suggests that it is caused by dehydroxylation of
micaceous minerals or illites (GrRiM and Row-
ranp 1942, Soverr 1950). The name illite was
originally proposed as a general name for mica-
ceous minerals occurring in sediments (Grim
etal, 1937). This name has often proved useful
for distinguishing clay micas from the well
crystallized micas found in rocks.

Many of the clay materials called illites,
however, are better characterized as mixed layer
minerals formed by interstratification of mont-
morillonite or vermiculite layers in a mica lat-

100 200 400 600 800
L I 1 1 L 11 2 t

1000°C
—

Fig. 4. DTA curves for fine clay fractions of heavy clay
(4, 5, 6), silty clay (9, 12, 13), sandy clay (18, 19, 20),
finer silt (22, 26, 27) and coarser silt (30, 32, 35) soils.

tice (GAUDETTE etal. 1965). In particular,
trioctahedral illites have been identified as in-
terstratified mica-vermiculites or hydrobiotites
(FarMER and WiLsoN 1970). However, also non-
swelling trioctahedral illites have been identified
(Werss et al. 1956).
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Fig. 5. X-ray diffractograms for fine clay fractions of
heavy clay (5), silty clay (12), sandy clay (19), finer silt
(22), and coarser silt (32) soils. The sample treatments
are indicated as follows: Mg = magnesium saturated,
Mg gl = magnesium saturated and treated with glyce-
rol, K = potassium saturated, K 500° = potassium
saturated and heated at 500° G for one hour.

Aluminium and iron rich chlorites release
their crystal lattice water within the temperature
range in which the maximum of the second
endothermic reaction occurs in DTA curves
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for fine clay fraction separated from the present
material (PHILLIPS 1963, ALEXIADES and JACKSON
1967). Soil montmorillonites also dehydroxylate
below 600° C and may thus interfere (SCHWERT-
MANN 1962). Thus the peak of dehydroxylation
in curves for fine clay may be caused by several
minerals and its use in identification is of doubt-
ful value (SCHWERTMANN 1961, JoRGENSEN 1965).

The temperature effects of reactions con-
nected with the destruction of the crystal lat-
tice at temperatures above 800° G are clear
compared with effects in curves for unfrac-
tionated soil samples (Fig.3). Differences in
the intensity of this reaction were not large but
the peak temperature seemed to vary. Most com-
monly the peak occured at below 900° G but
curves 12 and 13 show that the reaction may
also occur above 900° C, and in curve 30 both
types seem to appear. A high temperature exo-
thermic reaction without preceding endotherm
is characteristic of alteration products of biotite
(Sovert 1950). In some of the curves (numbers
20, 22, 26, 30 and 35 in Fig. 4) there is, how-
ever, a weak preceding endotherm which sug-
gests that there may be a small amount of di-
octahedral or normal illite in fine clay also (Jor-
GENSEN 1965). The specificity of this endotherm
is, however, rather poor since also some chlorites
show such a reaction at this temperature (Prrr-
Lips 1963).

X-ray analyses. In X-ray diffracto-
grams for fine clay (Fig. 5) fractions of clay soils
the 10 A peak characteristic of mica minerals
is clear (cf. Table 3). The intensity of the 10 A
peak was, however, weaker in diffractograms of
fine clay fractions of silt soils than in those of
clay soils. The reflections of fine clay fractions
of silt soils were also much broader than those
of fractions of clay soils (Fig. 5, curves 22 Mg and
32 Mg).. The 5 A peak of mica was weak or
totally absent, indicating that the mica in fine
clay is trioctahedral rather than dioctahedral
(BrapLEY and Grim 1961).

Vermiculite was identified very clearly in fine
clay fractions of all investigated samples by the
14 A peak, which was eliminated almost com-
pletely by potassium saturation of the samples



(cf. Table 3). In most cases the 14 A peak was
higher than the 10 A peak. No differences in
the relative heights of the 10 and the 14 A
peaks were found between different soil textural
classes.

The reflections appearing between 10 and
14 A show that there are mixed layer minerals
in the samples (WrrtTiNG 1965). The weak
maximum at about 12 A (Fig. 5, diffractogram
19) is an indication of a regularly interlayered
type (SAWHNEY 1967). The reflections between
10 and 14 A without any clear maximum (Fig. 5,
diffractogram 12) indicate random interlayer-
ing (BrRown and MacEwan 1950).

The glycerol treatment of Mg-saturated sam-
ples (Mg gl) seemed to reduce the intensity of
the 14 A reflection. Also the reflections between
10 and 14 A were weakened while those above
14 A appeared in some .of the samples to in-
crease in intensity (diffractograms 5, 22, 32).
Most of the fine clay fractions analysed with
X-rays behaved like samples 12 and 19. They
do not show any noticeable effect due to glycerol
treatment other than weakening of the 14 A
reflection. A reduction in the intensity of reflec-
tions between 10 to 14 A indicates the presence
of expandable crystal spacings as mixed layers
with mica (WarrTiNG 1965). The diffuseness of
the reflections above 14 A indicates that the
material reacting to glycerol treatment does not
have any well defined crystalline structure. The
poorly crystalline structure may be caused by
fineness of the material (FieLDEs and FURKERT
1966). The greater expansion of small particle
size fractions compared with that of larger sized
material has been observed with fractions pre-
pared by grinding and also with material sep-
arated from soil vermiculite (Jonas and ROBER-
soN 1960, Kerns and MankIN 1967). It is thus
possible that fine grained vermiculite causes the
changes observed in diffractograms of fine clay
fractions treated with glycerol (Sover: 1956,
1957, van der MarerL 1959). However, also
smectites originating from soils have a poorly
defined crystal structure and they resemble ver-
miculites in many respects (SCHWERTMANN
1962). Therefore the changes observed in dif-

fractograms after treatment with glycerol may
be taken as indicative of smectitic interlayers.

The remaining reflections in X-ray diffracto-
grams from potassium saturated crystal lat-
tices larger than 10 A did not have a clear maxi-
mum. Most of the intensity appeared as a
broadening of the 10 A peak indicating the pres-
ence of chlorite components in the mica crystal
(Raman and Jackson 1966). This broadening is
very clear in curve 22 K.

In some of the diffractograms of potassium
saturated samples the 7 A peak was still present
although it was weaker than in the diffracto-
grams of magnesium saturated samples. Heat
treatment of potassium saturated samples sharp-
ened the 10 A peak considerably and reflections
between 10 and 14 A and at 7 A weakened or
disappeared. This is an indication of the pres-
ence of aluminium hydroxy interlayers form-
ing secondary chlorite (van der MaRreL 1964).

The relatively intense background reflec-
tions and broad peaks in X-ray diffractograms
of fine clay indicate that the material has a
poorly defined crystal structure. Particularly
the diffractograms for fine clay fractions of silt
soils resemble somewhat diffractograms of al-
lophane which is amorphous to X-rays (Beu-
TELSPACHER and van der Marer 1961).

3.1.2. Mineral composition of fine clay fraction

The results of mineral determinations in fine
clay are shown in Table5. Since the coarse
textured soils contain very little fine clay ma-
terial, only fine clay fractions of clay and silt
soils were analysed. Readily identifiable min-
erals — mica, chlorite, smectite and vermiculite
— were estimated. In addition extractions with
boiling 0.5 ;' NaOH were made to characterize
the poorly defined mineral material.

The highest ”mica’ content, 50 %, was de-
termined in a fine clay fraction of a heavy clay
soil containing 89 9, clay and 39 9%, fine clay.
The average “’mica” percentage in the fine clay
fractions of all three clay soil groups is of the
same order. The proportion of *’mica” in the
fine clay fraction of silt soils tends to be lower
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Table 5. Mineral composition (%) of fine clay fraction (< 0.2 pm)
of various soil textural classes (the number of samples in parentheses).
Mean values with confidence limits at the 95 9, level.

Heavy Silty Sandy Finer Coarser

Mineral clay clay clay silt silt

@) ) N N )
”Mica’’ 374+7 36+6 36+9 2544 2348
*’Chlorite” 11+6 1344 2046 3445 277
>Vermiculite’’ 14+5 1443 1145 542 8+ 4
*’Smectite’’ 2443 2345 2245 1249 1345

» Amorphous

material’’ 16+1 1843 2044 29+£3 2643
Total 102+ 4 1044+5 10949 1054+3 97 +4

than in that of clay soils. The lowest amount of
»mica’” determined in the group of coarse silt
soils was 18 9% and the highest 29 %,

The percentages of “chlorite”, in contrast
to those of ’mica’, tend to increase with in-
creasing coarseness of the texture of the soils
from which the fractions were separated. The
fine clay fractions of heavy and silty clay soils
contain on average almost identical amounts
of ”’chlorite”. In the present material the average
chlorite” percentage of the fine clay fractions
of fine silt soils is higher than the mean *’chlorite’
content of the fine clay fractions of clay soils.

The average amount of ”vermiculite” in the
fine clay fractions of all clay and silt soils is
10 %. High contents of ’vermiculite” were
found in clay soil fractions and contents tended
to be low in silt soil fractions. Especially in the
finer silt soil fractions the content of “’vermic-
ulite” was low, the values were ranging from
1 to 8 9. The maximum amount, 22 % of
»yermiculite”, was found in the fine clay frac-
tion of a heavy clay soil.

The content of “’smectite’” in fine clay tends
to decrease with increasing coarseness of the
texture of the soil from which the fine clay was
separated. In fine clay fractions of all three clay
soil groups the average content of ’smectite”
is very similar. The average “’smectite’ content
of the two silt soil groups is relatively low.
Because of the large variation within textural
classes only the average for the coarser silt soil
group is significantly lower than the average
for the heavy clay group.
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The values in Table 5 show that a consider-
able amount of ’amorphous material” dissolves
when fine clay is extracted with 0.5 &' NaOH
according to the method proposed by HasHi-
MoTo and Jackson (1960) for estimating amor-
phous material in soils. The average amounts of
»amorphous material” tend to increase with
increasing coarseness of texturé of the soils
from which the fine clay fraction was separated.
Low amounts of “amorphous material”’ were
extracted from the fine clay fraction of heavy
clay soils, indicating a better crystallinity in
this fraction than in the fine clay fraction of
coarser textured soils. Also in fractions separated
from heavy clay soils the variation in the amount
extracted is small. High amounts of >’amor-
phous material” were extracted from the fine
clay fractions of silt soils. The maximum amount,
34 9%,, was extracted from a fine silt soil frac-
tion.

3.1.3 Comparison of results of chemical and
physical analyses

Because of overlapping of peaks, it is not permis-
sible to draw conclusions from a comparison of
peak heights in diffractograms or DTA curves
with mineral amounts estimated by chemical
methods. However, an examination of some
relationships is interesting (Figs. 4 and 5). The
diminution in intensity of the 10 A mica reflec-
tion with increasing coarseness of the soil from
which the fraction was separated, is in ac-
cordance with the diminution of the respective
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Fig. 6. Relationship between the height of the maximum of the clay mineral peak occur-
ring in DTA curves at 540—560° C and the contents of ’amorphous material’’ and “chlorite”
in fine clay fractions.

*mica’ values (Table 5). The height of the
clay mineral peak in the DTA curves showed
a negative correlation with the percentages
of ’mica” (r = —0.68***) and “’smectite’ (r =
—0.65%**), The height of the clay mineral peak
was reasonably well correlated with the con-
tents of chlorite” (r = 0.84¥**) and ’amor-
phous material” (r = 0.s0%***, Fig. 6).

Together the contents of ’chlorite” (X,)
and “’amorphous material” (X;) explained 77 %,
of the variation in the height of the clay mineral
peak (X, cm) according to the following regres-
sion equation (EzexitL and Fox 1959):

X1 = 2.39 4 0.081 Xg 4 0.102 X3

R = Ogr¥** Bxy = 0.5
S =0m Bxy = 0.39

The effect of amorphous material” in ex-
plaining the height of the clay mineral peak,
as indicated by the regression analysis, suggests
that the NaOH extractable material in Finn-
ish soils is not related to allophane, the amor-
phous material characteristic of volcanic de-
posits. The DTA curve for allophane shows only
a large, low temperature endotherm caused by
the release of absorbed water and an exothermic
reaction at about 900° G (MrrceELL and Far-
MER 1962, CampBELL et al. 1968).

The correlation of the height of the clay

mineral peak with the chlorite” content in-
dicates that the chlorite in fine clay is of an
aluminium or iron rich type rather than of a
magnesium rich type which dehydroxylates
above 600° C (PuiLuips 1963).

Although the X-ray diffractograms indicate
only weakly the presence of chlorite in fine clay,
chemical estimations reveal that *chlorite’ is an
important component of fine clay. In individual
comparisons of X-ray diffractograms and chem-
ical determinations, it was usually found that in
cases where the amount of chlorite’” was high,
the reflections between 10 and 14 A remained
high after potassium saturation (Fig. 5). This
suggests that in fine clay a large part of the
chlorite occurs as a mixed layer mineral.

Generally the peaks in the diffractograms for
the fine clay fraction of silt soils were not so
sharp as the peaks for the corresponding frac-
tion of clay soils. The broadness of peaks sug-
gests poor crystallinity and is in accordance
with the high contents of ’amorphous material”
in fine clay fraction of silt soils.

3.1.4 Mineral composition of the coarse clay
fraction '

Physical analyses. Inthe DTA curves
for coarse clay (Fig.7) reactions typical of
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Table 6. Mineral composition (%) of the coarse clay fraction (0.2 — 2 pm) of various

soil textural classes (the number of samples in parentheses).
Mean values with confidence limits at the 95 9, level.

Heavy Silty Sandy Finer Coarser Finer
clay clay clay silt silt finesand
) ()] Q) 7 (N (
»Mica’’ 3345 26 4+ 4 3046 30+ 5 234+ 7 37 418
*’Chlorite” 942 1443 17 + 4 15 4 4 1543 14 + 16
’’Vermiculite’’ 8+1 742 7+2 64 2 64 4 447
>’ Amorphous
material”’ 341 3+ 1 64 2 642 541 547

K feldspar” 1242 1342 1043 114+ 3 14+ 3 11+9
»Na feldspar’’ 2041 18+ 1 14 42 16 + 4 17 4- 3 154 11
»Ca feldspar”’ 541 541 441 441 541 444
’Quartz”’ 14 4+ 2 16 4- 4 1341 14+ 3 1543 1349
Total 1044+2 10243 10144 10242 10043 10343

vermiculite at temperatures of 140 and 240° C
were very clear in most of the curves. In the
curves for samples 35 and 39 which were sepa-
rated from silt and finer finesand soils, respec-
tively, these peaks did not occur but there was
a maximum at 200° C. Because the peaks at
140 and 240° C are formed by the stepwise
removal of the water of hydration of magnesium
in vermiculite (WALkER and Core 1957), the
change in dehydration suggests that the environ-
ment of the sorbed magnesium differs in these
samples from that in normal vermiculite. Curve
40 indicates that little vermiculite is present in
this sample. At higher temperatures, there is a
quartz peak at 573° C as well as the large endo-
thermic reaction with the peak at 540 to 560° C.
The reactions at higher temperatures seem to
be strong in those curves in which the peak
caused by quartz is absent, as in curves 18, 35
and 40.

In X-ray diffractograms for coarse clay frac-
tions (Fig. 8), sharper peaks than those for fine
clay fractions (Fig. 5) indicate that the minerals
in coarse clay have a better crystal order than
those in fine clay. In addition to peaks for the
minerals found in fine clay peaks for quartz
(4.21 A), K feldspar (4.17 and 3.25 A) and pla-
gioclase feldspar (3.1s A) appeared (van der Ma-
REL 1961). The peak with 2 maximum at 7.1 A
caused by chlorite is also very clear. Heat treat-
ment at 500° C for one hour decreased the
intensity of this peak but the peak did not disap-
pear completely. Thus also primary chlorite
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is present in the coarse clay fraction. In some
of the diffractograms, especially those of frac-
tions prepared from sandy clay soils, reflec-
tions at about 8.5 A caused by minerals of the
amphibole group appeared (Sovert 1956). The
position of the maximum of this peak varied,
probably due to differences in amounts of the
various constituent minerals in the amphibole.
The amphiboles were ignored when determina-
tions of minerals were made by chemical me-
thods.

Chemical analyses. The variation
in the contents of different minerals between
various soil classes is smaller for coarse clay
than for fine clay (Tables 5 and 6). In the coarse
clay fraction, ’mica” is on average more abun-
dant than any other mineral. The *’mica’ con-
tent of individual fractions ranged from 11 9%, in
a fraction separated from a coarser silt soil to
45 %, in a coarse clay fraction of a finer finesand
soil. There are no significant differences in the
average between textural
classes.

Low contents of ”chlorite”, from 6 to 12 9,
were found in heavy clay soils. The content of
*’chlorite” in other soil classes ranged from 9 to
24 9.

The mean content of *’vermiculite” in the

”mica’” contents

coarse clay fraction tends to be lower in coarse-
than in fine-textured soils but no statistically
significant differences between soil groups were
found. In many diffractograms the height of
the 14 A peak caused mainly by vermiculite is
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Fig. 7. DTA curves for coarse clay fractions of heavy

clay (4, 5, 6), silty clay (9, 12, 13), sandy clay (18, 19,

20), finer silt (22, 26, 27), coarser silt (30, 32, 35), finer
finesand (89, 40, 42) and finesand (45, 49) soils.
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Fig. 8. X-ray diffractograms for coarse clay fractions

of heavy clay (5), silty clay (9), sandy clay (20), finer

silt (27) and coarser silt soils (35). The treatments are
indicated in Fig. 5.

higher than the 10A mica peak. No clear
agreement between the relative heights of these
peaks and the results of chemical analyses was,
however, found in the comparisons made. The
effect of chlorite on the 14 A peak may, indeed,
make such a comparison impossible.
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In the coarse clay fraction of heavy and silty
clay soils the content of amorphous material®
is only about one half of the content of >amor-
phous material” in the coarse clay of sandy clay,
finer and coarser silt and finer finesand soils.
The widest range of determined values, ex-
tending from 4 to 11 9, was found in fractions
separated from the finer silt soil group.

The three “feldspar” components form an
important part of the minerals in coarse clay.

49

100 200 400 °
[I— ! 1 L 6(1’0 1 B?o IOJOO ¢

Fig. 9. DTA curves for silt fractions of heavy clay (1, 6),

silty clay (9, 13), sandy clay (18, 19), finer silt (22, 27),

coarser silt (30, 35), finer finesand (40, 42) and finesand
(45, 49) soils.
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The variation in the content of K feldspar™
between soil textural classes is small. The highest
and lowest means of ”Na feldspar’ contents
were found in fractions separated from heavy
and sandy clay soils, respectively. The mean
contents of ’Ca feldspar” in the coarse clay
fraction of all soil textural classes were very
similar, ranging from 4 to 5 9. The widest
range of the ’Ca feldspar” content was found
among fractions separated from heavy clay soil,
and extended from 3 to 7 9%,.

The textural class averages for ’quartz’ con-
tenfs vary relatively little. The difference be-
tween the lowest and highest mean is three
per cent and the variation within textural clas-
ses is large, so that the ’quartz’ contents of
coarse clay in soil classes under study do not
deviate from each other. The lowest amount of
Yquartz”’ was 9 9, in a coarse silt soil fraction
and the highest 24 %, in a silty clay soil fraction.

3.1.5 Mineral composition of the silt and coarser
fractions

Physical analyses. In most of the
DTA curves for silt fractions the clearest thermal
reaction was the quartz peak at 573° C (Fig. 9).
In some of the curves it was possible to identify
traces of vermiculite. The DTA curves for finer
finesand, finesand and sand fractions were sim-
ilar to the curves obtained for the unfractionated
soil samples of the respective particle size (cur-
ves 39—56 in Fig. 3). Curves for these fractions
showed an increase in the content of quartz
with increasing particle size of fractions, and
there were no indications of other minerals.

In the X-ray diffractograms of silt fractions,
mica and vermiculite were evident with peaks
at 10 and 14 A, respectively (Fig. 10). The
reflections caused by these sheet silicates were
weak in diffractograms of fractions coarser than
silt. Indications of mica were still, however,
present even in diffractograms of sand fractions.
In some of the diffractograms of silt fractions,
vermiculite reflections were very strong as in
sample 22 (Fig. 10), whereas in others these
reflections were very weak as in sample 32
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Fig. 10. X-ray diffractograms for silt fractions of silty

clay (9), sandy clay (20), finer silt (22), coarser silt (32),

finer finesand (40) and finesand (45) soils. The treat-
ments are indicated in Fig. 5.

(Fig. 10). Vermiculite collapsed easily on potas-
sium saturation, and heat treatment did not
destroy the 7 A peak indicating normal chlorite
(van der MaReL 1964). In sand fractions only
minor amounts of vermiculite and chlorite were
indicated by the peaks in the diffractograms.

In the diffractograms of silt fractions, reflec-
tions of potassium and plagioclase feldspars as
well as the quartz peak were strong, indicating
higher amounts of these minerals in silt than in
gner textured fractions. In the X-ray diffracto-
firams of finer finesand, finesand and sand frac-
tions, the strength of the reflection caused by
quartz was even more intense (Fig. 11).
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Fig. 11. X-ray diffractograms for some finer finesand

(FFS 30, 39, 45), finesand (FS 42, 48, 55), sand (S 48,

55, 56) and heavy mineral (HM 52, 54, 56) fractions.
Mg refers to magnesium saturation.

In most of the diffractograms of silt and
coarser fractions, reflections of amphibole min-
erals were also observed. To allow more certain
identification of these minerals, separations with
a liquid of specific gravity 2.68 were made. The
contents of heavy minerals in seven finesand
and sand fractions separated varied from 2 to
17 9%, with an average of 7 %,. As shown by the
X-ray diffractograms (Fig. 11, HM diffracto-
grams) the heavy mineral fraction contained
minerals of the amphibole and pyroxene groups
as well as mica, chlorite and calcium rich pla-
gioclase. The strongest reflections of amphibole
minerals were at about 8.5 and 3.13 A. The
pyroxene reflections were most evident at 3.3,

3.20 and 2.8s A.
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Table 7. Mineral composition (%) of the silt fraction (2 — 20 wm) of various soil textural
classes (the number of samples in parentheses).
Mean values with confidence limits at the 95 9, level.

Heavy Silty Sandy Finer " Coarser Finer Fine-
clay clay clay silt silt finesand sand
(6) ) ™ Y Y M 3
»Mica’’ 1144 1142 9+3 1148 743 12410 1144
**Chlorite” 10+2 542 842 442 442 947 842
»Vermiculite” 341 241 241 1+1 141 1+1 1+1
” Amorphous
material”’ 140 140 342 1+0 1+0 2+ 2 345
”K feldspar’’ 16+3 1442 1542 184+3 1843 1444 1342
»Nafeldspar’® 2543 23+3 2443 2743 2742 2345 2145
»Ca feldspar’’ 8+1 6+1 741 8+2 841 8+ 2 745
*Quartz” 30+3 33+4 3243 2944 3343 29410 32414
Total 10442 9544 10042 9942 99+3 9844 9647
Chemical analyses. Chemical de- a finer finesand soil from Pilkéine, Central Fin-

terminations indicate that the silt fraction sep-
arated from various soil textural classes is more
homogeneous in mineral composition than
coarse clay fraction (Tables 6 and 7).

”Mica” constitutes on average 10 9, of the
silt fraction (Table 7). The highest content of
”mica” in individual samples was 33 9%, in the
silt fraction of a finer finesand soil. In finer fine-
sand, finesand and sand fractions the textural
class averages for *’mica” ranged from 1 to 6 %,
(Tables 8, 9 and 10). The variations within soil
textural classes were relatively large so that no
differences between textural classes are evident.
The ”mica’ content in 20 to 2 000 pm fractions
varied from O to 13 9% in finer finesand, from
0 to 20 9%, in finesand and from 1 to 9 %, in
sand soils. The exceptionally high ’mica” con-
tent, 20 9%, in a finesand fraction, was found in

land. Also other size fractions of this soil con-
tained high amounts of “’mica”.

The variation in the content of >’chlorite” in
the silt fraction (Table 7) was relatively large.
The amounts ranged from 0 to 23 9% in in-
dividual samples. Due to this large variation,
no statistically significant differences were found
in the average ’chlorite’” contents between
textural classes. For the finer finesand fraction
the average ’chlorite’” contents of the textural
classes analyzed range from 1 to 4 9, (Table 8).
The corresponding ranges for finesand and
sand fractions were 1 to 6 9% and 3 to 5 %,
respectively (Tables 9 and 10).

The proportion of *’vermiculite” in the silt
fraction is generally low and the average amount
tends to decrease with increasing coarseness
of the soil textural class from which the frac-

Table 8. Mineral composition (9) of the finer finesand fraction (20 — 60 wm) of various
soil textural classes (the number of samples in parentheses).
Mean values with confidence limits at the 95 9, level.

Coarser

clay cla; silt silt finesand sand
(6) Y 3 (6) 9] Q)]
»Mica’ 4+ 4 242 241 342 44 4+ 2
*’Chlorite’’ 242 442 341 1+1 242 34+ 2
*’Vermiculite”’ 1+0 141 140 040 1+0 040
> Amorphous
material”’ 1+1 140 040 0+0 0+0 141
K feldspar’ 1543 1541 19+ 7 17+ 3 154+ 2 1342
»’Na feldspar’’ 2345 2543 26 + 2 254 2 26 + 2 2342
¥Ca feldspar” 8+ 2 941 94+ 3 941 10+1 11+2
”Quartz’’ 44 4 4 44 4+ 6 37+ 8 41 4+ 3 40 4+ 5 42 + 3
Total 98 +-4 101 £ 2 97+ 8 96 4 3 98 4- 2 974 3
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Table 9. Mineral composition (%) of the finesand fraction (60—
200 pm) of various soil textural classes (the number of samples in
parentheses).

Mean values with confidence limits at the 95 9, level.

Sandy Finer Fine-~
clay finesand sand Sand
() &) ) @
*’Mica’ 346 646 342 344
»’Chlorite’’ 142 545 341 649
Vermiculite”’ 040 141 0+0 040
*’ Amorphous :
material’’ 040 040 040 346

K feldspar’’ 13+ 4 1544 1544 174+ 8
»Na feldspar’’ 22 + 2 24 4 2 2341 22+ 3
»’Ca feldspar”’ 842 741 812 8+ 2
*Quartz’’ 54+ 3 4545 50+ 3 45 4 12
Total 101 + 4 103 4 2 102 + 3 104 4+ 1

tion was separated. In finer finesand and fine-
sand fractions the proportion of >vermiculite”
is small and none could be found in the sand
fraction (Tables 8, 9 and 10).

The amount of *amorphous material” in the
silt fraction is quite small. The averages for all
textural classes range from 1 to 3 9%, (Table 7).
However, in some fractions separated contents
up to 6 9%, were found. In finer finesand, fine-
sand and sand fractions, the amount of *’amor-
phous material” is small, but occasionally also
relatively high contents appeared, as in the
finesand fraction of sand soils.

The average content of K feldspar’ ranges
from 13 to 18 9%, in the silt fractions of various
textural classes (Table 7). The corresponding
range is from 13 to 19 9, in finer finesand and
13 to 17 %, in finesand soils (Tables 8 and 9).
The content of K feldspar” in the sand frac-
tion is on average 20 %, in the two textural clas-
ses from which this fraction was analyzed (Ta-
ble 10). The variation within textural classes is
large and therefore no differences between tex-
tural classes are evident. The lowest ”’K feldspar”
content in the silt fraction was 8 9%, and was
found in a finer finesand soil. The highest value
was 23 9, in the silt fraction of a coarse silt soil.

”’Na feldspar’ constitutes roughly one quarter
of the silt fraction (Table 7) and also in the
coarser fractions its proportion is similar (Ta-
bles 8—10).

In thesilt fraction the content of ”’Ca feldspar”

varied little between the textural classes. The
finer finesand fraction of finesand soils are rich
in Ca feldspar”. The content of ’Ca feldspar”
was very similar in the finesand and sand frac-
tions of all textural classes.

”Quartz” is the most abundant mineral in
the silt fraction, amounting on average to almost
one third of the total fraction. The silt frac-
tion of finer finesand soils varied most in its
“quartz’” content. In this fraction the values
ranged from 13 9%, to 41 9,. Due to large varia-
tions within soil groups the differences between
textural classes are not significant. In the finer
finesand fraction the “quartz” content of in-
dividual soil samples ranged from 32 to 56 %,.
In the finesand and sand fraction the respective
ranges of variation were from 35 to 58 9%, and
from 40 to 53 9,, respectively.

Table 10. Mineral composition (%) of the sand fraction
(200—2 000 pm) of various soil textural classes (the
number of samples in parentheses).

Mean values with confidence limits at the 95 9, level.
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3.1.6 Accuracy of the mineral estimations

The chemical methods estimate the main min-
eral groups as endmember equivalent amounts.
Actually each mineral group in the analysis
scheme used includes many types differing in
their properties. For example three micas,
muscovite, biotite and phlogopite are common
in soils (Sover: 1956, FosTer 1962, JAcksoN
1965, Raman and JacksoN 1966, WiLsoN 1966).
Each of these minerals varies in content of potas-
sium (DEeer etal. 1962) which property was
used for the estimation of mica in this study.
The fine grained soil micas, the illites, are still
more variable in composition (WEAVER 1965).
Therefore estimation of the illite content, based
on the total potassium content, has been con-
sidered worthless (van der MAREL 1966).
However, at least some of the illites are mixed
layer minerals with interlayers of mica with
vermiculite, smectite or chlorite (GAUDETTE
etal. 1965, Raman and Jackson 1966). Even
though all the associate minerals in illites are
taken into account, the mica component is likely
to contain less potassium than the large particle
sized micas in rocks because of the loss of potas-
sium from cleavage and edge surfaces. This loss
is considerable when the particle size becomes
very small (StiuLBEre 1960 a, Raman and
Jackson 1966). The 7.s 9%, potassium content

of mica used in the calculations allows for some
reduction in the content of total potassium
when the particle size decreases, compared with
the theoretical potassium content of trioctahedral
mica. The potassium content of the mica in
fine clay may, however, be still lower. Therefore
for comparison “’mica’’ values are calculated as-
suming that the total potassium content of mica
in fine clay is 7.0 or 6.5 %, (Table 11).

A one per cent unit decrease in the potas-
sium content of mica has a lower effect on the
sum of all minerals than on the “mica” values
because of the decrease in ’chlorite” values.
The occurence of small amounts of minerals
not clearly identified in fine clay with X-ray
and differential thermal analysis must be taken
into account. The detection of small amounts
of kaolinite in samples which contain also chlo-
rite is difficult due to overlapping of their 7 A
peaks (von ENGELHARDT 1961). Thus .small
amounts of kaolinite originating from Preglacial
weathered rocks (FrosTERUS 1928) may occur in
fine clay. This is confirmed by the results of
the infrared analysis of a Finnish Glacial clay
carried out by van der MAarerL (1966). In
fine clay low contents of feldspars and quartz
may also occur (Srppora 1972).

Also a potassium content lower than 7.5 9,
may not be very suitable for estimating the mica
content, because a part of the mica in the sam-

Table 11. ’Mica® contents (%) of fine clay fractions calculated assuming the content
of potassium in *’mica’’ to be 7.5, 7.0 and 6.5 %, K and the effects of variations in “’mica”
content on the content of ’chlorite’ and total minerals.

Heavy Silty Sandy Finer Coarser
clay clay clay silt silt
”Mica”, calculation based on:
75%K 37 36 36 25 23
70%K 39 39 38 27 25
65%K 42 42 41 29 26
»’Chlorite’’ 11 13 20 34 27 .
10 12 19 33 26
11 18 32 26
»Vermiculite” 4 *’Smectite’ +-
» Amorphous material’’ 54 55 53 45 47
Total 102 104 109 104 97
103 106 110 105 98
105 108 112 106 99
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ples studied may be of dioctahedral type whose
potassium content is higher than that of triocta-
hedral mica. Indications of the presence of
dioctahedral mica were obtained with differ-
ential thermal and X-ray analyses.

Soils contain several types of chlorite which
differ from each other in their chemical com-
position and dehydroxylation properties (van
der MAREL 1964). Primary or normal chlorite
originates from rocks and contains magnesium
or iron fixed as hydroxide sheets in their in-
terlayers. Secondary chlorite formed through
weathering has aluminium as the major cation-
forming the interlayer hydroxide sheet. The
amount of hydroxyl water, on which the estima-
tion of ’chlorite” was based, is variable and
may range from 9.1 to 15.0 % (DEEr etal
1962). The 14 9, hydroxyl water content used
for chlorite estimation in the present study is
an experimentally deduced value yielding close
to 100 9, recoveries with tested samples rep-

resenting standard minerals and soil clays:

(ALEx1ADES and JacksoN 1967). The 14 %, water
loss is high when compared with values reported
in the literature (DEER etal. 1962). It may,
however, take in account also some of the effects
of organic matter which is usually present even
in subsoils and which is difficult to destroy
completely with H,O,.

The accuracy of >chlorite” estimations is
affected also by the fact that feldspars and quartz
may contain water which is lost only at a higher
temperature than 300° C (KELLEY et al. 1935).
Also the correction made for *’amorphous ma-
terial” may be a source of error due to variability
of the composition of the poorly defined ma-
terial extracted by NaOH. Variable contents of
crystal lattice water in micas and vermiculites
may add to the uncertainty of “chlorite” es-
timates (DEER et al. 1962).

The interlayer exchange capacity, 154 me/
100 g, used to estimate vermiculite is an average
for standard vermiculites studied by ALEXIADES
and Jackson (1965). For newly formed vermi-
culite, interlayer exchange capacities ranging
from 177 to 198 me/100 g have been found
(RamaN and Jackson 1966). A vermiculite

isolated from soil had an exchange capacity of
only 95 mef100 g (LE Roux et al. 1963). :

The variation in the hydration and dehydra-
tion properties of vermiculite in' Finnish soils
observed by Sover1 (1956) may possibly affect
potassium fixation, which was used to estimate
the amount of vermiculite.

The reflections from 10 to 13 A in the dif-
fractograms are also indicative of various inter-
mediate stages of weathering, and show the
diffuse limit between the various mineral cate-
gories. The content of “vermiculite’” obtained
by chemical estimations is a value for total
fixation capacity where all materials capable
of fixing potassium are included. The smectite
formed in soil has properties similar to those of
the minerals from which it has been weathered
(ScHWERTMANN 1962). Therefore in the method
used potassium fixing smectite is included in the
estimate for vermiculite.

Smectite was not clearly identifiable by
X-ray analysis. Its most likely mode of occur-
ence in fine clay is therefore as a mixed layer
component in the crystals of other-sheet silicates.
The 105 me/100 g interlayer exchange capacity
used to estimate smectite is a mean value pro-
posed by AvLexiapes and Jackson (1965). The
exchange capacities of twelve smectites studied
by HARwARD et'al. (1969) ranged from 95 to
138 me/100 g with an average of 118 me/100 g.
Thus also the exchange capacity of smectite
like that of vermiculite is variable and is a
source of error in estimations.

The so-called standard smectites occur as
particles even larger than 2 um. Soil smectites,
however, occur mostly as particles smaller than
0.2 pm (ScEwWERTMANN 1962). The fact that no
indications of smectite were found in coarse
clay shows that the smectite in Finnish soils is
of the type characteristic of soils.

It is generally agreed that amorphous or
poorly defined mineral material exists in soils.
In contrast to the allophane of volcanic origin
so-called soil allophane has a highly variable
composition (MiTcHELL et al. 1964). Generally
it is assumed that soil allophane occurs as sur-
face coatings of soil particles. The difficulties
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involved in characterizing soil allophane are
obvious and there is no generally approved
method for its determination. NaOH solution
is considered to be quite an effective extractant
but its specificity is probably rather poor. For
example it has been used for extracting the
interlayer aluminium of soil clays (ScHEFFER
etal. 1961 b, WirLson 1966). Also fine crystal-
line material is attacked by NaOH to some
degree (Wapa and Greenvanp 1970). Potas-
sium saturation of the samples before the extrac-
tion treatment, however, obviously reduces the
dissolution of material from the interlayers and
also of crystalline minerals.

The variability in the chemical composition
and crystal structure causes errors also in chem-
ical estimations of feldspars and quartz. This
is indicated in the present study by the differ-
ences in conversion factors and fusion residue
percentages obtained with minerals of various
origin. The largest variation was in the Ca
feldspar conversion factor for coarse clay which
ranged from 12.0 to 16.1 (Table 4). In accord-
ance with the results of KieLy and Jackson
(1965) a coarse clay fraction, prepared from a
plagioclase with 60 9, equivalent Ca feldspar
content, yielded a fusion residue of only 8 %,.
It is obvious that the estimation of fine particle
sized plagioclase feldspars rich in Ca is highly
uncertain.

Kiery and Jackson (1965) proposed different
factors for samples of various types of plagioclase
feldspars classified according to the Na,O/CaO
ratio. The five sand preparates from various
parts of Finland, used for determination of the
conversion factors, ranged from 9 to 18 9, in
their Ca feldspar equivalents. The total analysis
showed that there were no samples very rich
in Ca in the material studied. Therefore only
one conversion factor was used to transform the
Ca in fusion residue to *’Ca feldspar”.

The Na feldspar conversion factors, determined
using fractions prepared from sand soil samples
and used for Na feldspar determination of coarse
clay fractions, appeared to vary relatively little,
ranging from 14.7 to 15.s. However, the two
plagioclase feldspars yielded much larger con-
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version factors, 20.0 and 22.0. Since it is likely
that sodium is absorbed differently during
fusion by a sample containing K feldspar and
quartz in addition to plagioclase as compared
with plagioclase alone, the high factors were
ignored when an average conversion factor
was calculated for the estimation of Na feldspar
in coarse clay. For coarser fractions the con-
version factors obtained from plagioclase frac-
tions were in the range of those determined
using fractions ground from sand soils.

The relatively low variation of the conversion
factor for Na feldspar may have been caused by
asubstantial adsorption of sodium by the sample.
A special factor suggested by KieLy and Jack-
soN (1965) for correcting for this adsorption was
not used, because the adsorption was not found
to be correlated with the content of K feldspar
and because the increase in Na content is taken
into account in calculating the conversion factor.

The K feldspars studied dissolved during the
fusion treatment to a similar degree to the
samples of KieLy and Jackson (1965). Also the
conversion factors obtained for fractions ground
from sand soils were of the same order as the
factors obtained by KieLy and Jackson (1965).

The estimated amounts of feldspars are also
affected by Ca, K and Na in other minerals
resisting dissolution during fusion and remain-
ing in the residue. Clay sized pyroxenes have a
fusion residue of 58—86 9,. They are thus rela-
tively stable and increase the Ca feldspar values
(CHAPMAN et al. 1969). Amphiboles seem to be
more easily destroyed, the respective fusion
residue ranging from 21 to 32 9.

The three quartz samples studied dissolved
to a somewhat greater extent than the rock
crystal specimen studied by Kiery and Jack-
soN (1965). Thus even quartz samples of various
origin appear to differ in their resistance to
dissolution during the Na,S,0, fusion.

It is thus evident that the results obtained
are only estimates, and a higher degree of ac-
curacy is not obtainable with methods using
average conversion factors. Generally the quan-
titative determination of minerals is a difficult
problem (van der MAReL 1966). For instance,



determinations of kaolinite in a sample by nine
laboratories led to estimates ranging from 60
to 95 9% and mica contents analyzed in the
same sample varied from 2 to 30 9% (Konta
1963). Also the present results show that no
great accuracy is achieved in mineral analyses
with the present methods, although McNEAL
(1968) claimed that with chemical methods the
accuracy of the estimates may be better than

+ 35 %-

3.1.7 Comparison of results with those of
previous studies

Relatively few mineral analyses have been made
on Finnish soils. The results published are made
partly on different particle size fractions from
the results of the present study. SALMINEN (1935)
has estimated the mineral composition of some
clay sediments and clay fractions based on
chemical analysis. He estimated the mica as
muscovite, and contents were 38 and 41 %, in
two clay fractions which values are in the range
of “mica” contents found in coarse and fine
clay fractions in the present study (Tables 5
and 6). KeERANEN (1946) estimated that the
sum of mica and K feldspar in Finnish clay frac-
tions is about 70 9% which is in agreement with
the results obtained here. In Sweden, estimates
for illite contents of clay fractions range from
50 to 90 % (WikLanpEr and Lorse 1966).
These values are high when compared with
the “mica” contents obtained in the present
study. If illite is considered to be a mixed layer
mineral of mica and chlorite the values obtained
here are of similar order to the values of Wixk-
LANDER and Lotse (1966). In Norway illite
contents ranging from 25 to more than 40 9,
in clay fractions have been found (J@RGENSEN
1965). The mica contents of a few so-called
standard illites have been found to range from
58 to 65 9% (Raman and Jackson 1966) in-
dicating that contents of micaceous minerals
are lower in clay fractions of Finnish soils than
in the specimen illites.

In accordance with results obtained by Sover:
(1956) both primary and secondary chlorite

are present in the fractions studied. Although
chlorite has been identified in Finnish soils,
its content has not been determined. In clay
fractions of Norwegian origin chlorite contents
of up to 40 %, have been estimated (JoRGENSEN
1965). These estimates are high when compared
with the “chlorite” contents of clay fractions
in the present study. Chlorite is second in
in dioctahedral illite
specimens (RamaN and JacksoN -1966). The
results obtained show a similar importance of
chlorite in the clay fractions of Finnish soils.

The relatively high content of chlorite” in
the fine clay fraction of coarse textured soils is
an indication of more intense weathering in
these soils than in the fine textured soils (ScuEF-
FER et al. 1961 b).

In accordance with the results of Soverr
(1956), the results of the present study show
that ’vermiculite” is a common mineral in
Finnish soils although its content is not so high
as that of ”mica’ and *’chlorite”. The contents
range from 1 to 22 9%, in fine and coarse clay
fractions and are of a similar order to contents
in clay fractions of Swedish cultivated soils
(WikLANDER and Lotse 1966). In Norwegian
clay fractions the content of vermiculite can
be as high as 25 9%, (JorcENsEN 1965).

There are no earlier estimates of the content
of “smectite” in Finnish soils. The values ob-
tained for the fine clay fraction seem high
when compared with the values found by
ALEx1ADES and JacksoN (1966) for fine clay
separates of Dutch and Greek soils.

The content of ’amorphous material’”’ in the
fine clay of samples studied is high compared
with the results of ALEXTIADES and Jackson (1966)
but they analyzed relatively few samples of
clay fractions from soils of various origin.

The higher amount of ’amorphous material”’
in the fine clay fraction of silt soils than in that
of heavy and silty clay soils reflects the differ-
ences in mineral composition of these soils and
suggests that changes caused by weathering
have occured in silt soil more than in clay soils.
Since silt soils contain much feldspar and quartz,
it follows that the fine fractions of silt soils are

abundance to mica
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likely to contain more of these minerals than
the fine fractions of clay soils. An experiment
carried out by Tamm (1929) has shown that
feldspars with a particle size of less than 0.2 pm
are very unstable. Therefore small particles of
feldspars and the weathered surface layers of
feldspars may dissolve in alkali extractant to a
greater extent than the layer lattice minerals,
which are stable as fine material.

The content of ’amorphous material’ in fine-
sand and sand fractions is relatively large be-
cause the samples originate from the B horizons
of podzol soils. The Al and Si removed from
coarse textured soils may be quite different in
nature from that extracted from clay soils.

Soveri (1956), using X-ray analysis, estimated
that the content of K and plagioclase feldspars
averages 11 %, in the 1 to 2 um fraction. This
value is much lower than the contents estimated
by the chemical methods used in the present
study. In the silt fraction the content of feldspars
was found by Soveri (1956) to be 21 %,.

The quartz contents in the 1 to 2 pm and 2 to
20 pm fractions analyzed by Soverr (1956)
were 11 and 24 9, respectively. These values
are close to the contents obtained with the
chemical methods in the present study. KErA-
NEN (1946) found the quartz contents of a few
clay fractions of Finnish soils to be 16 to 27 9%,
and SarmiNen (1935) found the quartz con-
tents of two clay fractions to be 18 and 19 %,
These values are within the range of contents
determined in the present study.

3.1.8 Distribution of minerals among particle
size fractions

In Fig. 12 mean contents of minerals in different
particle size fractions are compared except for
“smectite’’, which was found only in fine clay.
In spite of the large variation in the content of
each mineral within particle size fractions, many
differences between fractions are evident.

The mean content of mica” in fine clay is
similar to its content in coarse clay. The per-
centage of “mica” diminishes in silt to one
third of that in the two clay fractions. In finer
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finesand the “mica” percentage is at the same
level as in coarser fractions.

The largest differences in the content of *’chlo-
rite” are between the two clay separates and
silt fraction. In the finer finesand, finesand and
sand fractions the “’chlorite” content is of the
same order.

The content of *’vermiculite’” diminishes from
fine clay to finer finesand and remains in this

% | - "Mica" % “Chlorite"
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Fig. 12. The distribution of mineral components, ex-
cept ’’smectite”’, among particle size fractions. The
fractions are marked as follows: 1 = < 0.2pm, 2 =
0.2—2 pm, 3 = 2—20 pm, 4 = 20—60 um, 5 = 60—
200 um, 6 = 200—2 000 pm. The broken lines indicate
confidence limits at the 95 9, level.



Table 12. Weighted average mineral composition (%) of fractions
Fraction, pm
< 0.2 0.2—2 2—20 20—60 60—200 200—2°000

’Mica’’ 348 29.5 9.6 3a 34 2a
»*Chlorite”’ 15.4 134 5 2.4 3.4 4.0
”Vermiculite’’ 12.6 6.8 l.s 0.5 0.5 0.
»’Smectite’’ 221 — — — — -
>’ Amorphous

material”’ 18.4 4.5 l.s 0.5 0.5 0.6
7K feldspar’’ — 11.8 16.1 15.2 14.9 19.8
”’Na feldspar’’ — 17.3 25.2 24.8 22.9 22.5
*’Ca feldspar”’ — 4. 7.4 9.5 7.2 6.3
»’Quartz’’ — 14.3 313 41.2 48.7 48.4
Total 103.3 101.7 98.1 97.4 102.0 103.8

and the coarser fractions at the same level. Very
striking is the difference between fine and
coarse clay in the content of »’amorphous ma-
terial”. The mean content of “’amorphous ma-
terial” in coarse clay is only about a quarter
of that in fine clay and the content diminishes
by almost the same ratio between the coarse
clay and silt fractions. In fractions coarser than
silt the proportion of “amorphous material® is
small and the variation in content of samples is
relatively large.

In contrast to ”mica” and other minerals,
characteristic of clay, the content of quartz”
is on average twice as high in the silt fraction
as in the coarse clay fraction. Also the differ-
ence in quartz” contents between silt and
finer finesand is large. The content of feldspars
increases with increasing particle size of the
fraction from coarse clay to silt but is constant
in coarser fractions, with the exception of ”’potas-
sium feldspar”, the content of which in the sand
fraction is higher than in the other fractions.
The mean content of K feldspar” in the sand
fraction is high because two samples exceptional-
ly rich in this mineral from the rapakivi rock
area in the Kouvola district were included.
These samples also lowered the mean content of
”quartz” in the sand fraction. The content of
”’Ca feldspar” reaches a maximum in the finer
finesand fraction.

Differences in the contents of “quartz”,
“amorphous material”, “chlorite”, *vermic-
ulite” and also “mica” between particle size
fractions are large. The close dependence of

mineral composition on particle size suggests
that it is feasible to estimate the mineral com-
position of Finnish soils from their particle size
distribution and average mineral composition
of particle size fractions.

3.2 Mineral composition of soil samples

The mineral composition of unfractionated sam-
ples was determined in three ways. Method A
involved the use of a soil sample without any
other preparation of fractionation than the
extraction of exchangeable cations and their
replacement with those needed for various ana-
lyses. To estimate feldspars and quartz in coarse
clay and coarser fractions the conversion factors
needed were determined for each sample as means
weighted for amounts of particle size fractions.

In method B the estimation of minerals was
based on the mechanical composition of samples
and the mineral composition of separated frac-
tions. Since fractions comprising less than 5 %,
of a sample were not analyzed, the values do
not include the minerals which these fractions
contain.

Method C was planned to enable the estima-
tion of the mineral composition when the par-
ticle size distribution of a sample is known.
Weighted average mineral compositions of frac-
tions were used. The weighted averages obtained
from the material analyzed are shown in Table
12. These weighted means of particle size frac-
tions deviate most from the means of those tex-
tural classes whose relative proportion is small.
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Table 13. Comparison of soil mineral composition (%, in dry matter) determined by three methods.
Means of soil textural classes with confidence limits at the 95 9%, level.

Finer Fine-

. Meth- H Sil Sand Fi C
Mineral :t; Cti:.;y c;at;’ :llezyy sﬁ: : t;?lrtser finesand sand Sand
*’Mica’’ A 274+ 5 18+ 5 16 4+ 3 13+7 944 8+7 543 241
B 30+ 1 20 4+ 2 16 4 3 15+ 6 10 4 2 7+7 442 242
C 284+ 1 20 £ 1 17+ 1 1541 1341 64 2 542 240
»’Chlorite’’ A 124+ 2 12 + 2 13+ 2 12 4 2 941 643 6+ 2 441
B 1043 942 1041 842 6+ 1 443 341 441
C 1341 1040 8+ 1 840 741 441 4+1 44+0
*Vermiculite” A 942 641 241 241 241 040 040 040
B 942 6+ 1 441 2+1 241 242 040 040
C 8+1 5+ 0 440 340 3+0 1+0 141 0--0
»’Smectite’’ A 541 141 1+2 0+ 0 0+0 040 040 0+ 0
B 942 441 341 1+1 1+0 0+0 040 0+ 0
C 8-+ 1 441 3+1 141 141 0+ 0 0+ 1 040
>’ Amorphous A 842 6+ 2 .5:}:2 341 441 241 241 141
material’’ B 741 4+ 1 541 441 341 1+0 140 141
C 941 5+ 0 441 -3+ 0 340 1+1 141 1+ 0
VK feldspar”’ A 10 4+ 2 13-+ 2 12 41 16 + 3 16+ 3 14 4- 3 16+ 5 20+ 5
B 741 11 +1 11+1 14 4- 3 15+ 2 144+ 3 154+ 3 18+ 3
[ 841 1240 1341 1440 1440 15+ 0 16 +1 1941
»’Na feldspar’’ A 16+ 1 1942 18 +- 2 21+ 3 22 4 3 23+ 2 22 4- 1 23+ 3
B 12 + 2 17 + 2 1741 21 + 4 22 + 2 23+ 3 22 4 2 21 4 2
C 1241 1841 19+1 22 4+ 1 22 + 1 21+ 1 22 41 23 + 0
”Ca feldspar’’ A 441 641 641 7+0 7+1 841 74 2 6+ 2
B 341 540 541 6+ 1 741 841 7+ 2 64 2
C 340 5+0 64+ 0 6+ 0 7+0 840 7+0 7+0
’Quartz’’ A 1241 22 + 2 28 + 3 27+ 3 3545 40 4+ 4 45 4+ 7 46 1+ 4
B 104-3 21 4- 3 24 4 2 22 + 4 28 - 2 36 &7 44 + 3 47 + 4
C 12 4+ 2 21 +1 26 - 2 27 + 1 29 4+ 2 394 2 45 4 3 47 + 1
Totals A 103 +3 103 + 3 101 - 2 101 &+ 2 104 4 2 101 4+ 3 103 + 4 102 4 3
B 97 4 2 97 & 2 9543 93 &5 94 + 4 95 4+ 4 96 + 3 99 + 4
G 10140 100 + O 100 + O 99+ 0 99 + 0 96 4 2 101 &+ 2 103 + 1

3.2.1 Comparison of methods for determining
the mineral composition of soil samples

The results of the three methods for determin-
ing the mineral composition of soil samples are
shown as means of soil textural classes (Table 13).
Similar mean values were obtained for all three
methods but significant differences were found,
too.

»Mica”. Method A tends to give low values
for ”’mica”, but owing to the large- variation
within textural classes no significant differences
were found. There were, however, very large
differences in the contents of “mica’ obtained
for individual samples by different methods. For
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example, the “mica” content of a heavy clay
sample was estimated to be 20 9%, using method
A whereas methods B and C resulted in ”mica”
contents of 32 and 30 9, respectively. In a silty
clay sample, the “mica” content was 10 %
according to method A and almost 20 9, with
methods B and C. The correlation coefficient
between the results of methods A and B was
r = 0.91%%* hetween the results of method B
and C, r = 0.94 ***and between A and C, r =
0.85%*%,

The reason for the relatively large differences
between the “mica” values of individual sam-
ples determined by different methods may be
that in method A the determinations were made



using samples without such pretreatments as the
removal of organic matter or free oxides. Al-
though the results obtained with method A
have been corrected for moisture and free iron
content, they have not been adjusted for organic
matter or other material which might have dis-
solved in the purification treatments made in
method B before fractionation. Thus the total
potassium contents of samples have been under-
estimated leading to lower mica” values than
would have been the case had samples been
purified before analysis. The fact that the con-
tent of potassium in mica’ is expressed as the
difference between total potassium and *’K feld-
spar’’ potassium increases the relative size of the
error of determination in the mica’ estimates.

"Chlorite”. Method A tends to result in
higher ’chlorite” estimates than methods B
or C. However, the differences between methods
are significant only in the sandy clay and coarser
silt classes.

The ”chlorite” estimates are based on the
weight loss occurring on ignition of samples.
The untreated samples used for determinations
by method A contained low amounts of organic
matter. The oxidation of organic matter may
have caused a positive error in the determina-
tion of “’chlorite”. According to some estimates
made, on average 80 %, of the organic matter
was oxidized during the 16 hour heating period
made to establish the 300°C weight bases
needed for weight loss determination in *’chlo-
rite”” analyses. The 20 9%, remaining in the sam-
ples will oxidize at higher temperatures, and
will be included in the weight loss from which
the percentage of “’chlorite’ is calculated. The
samples analyzed contained on average [—2 %,
of organic matter. Therefore the error due to
organic matter is generally small.

The sandy clay group contained the highest
average content of organic matter, and in this
group method A does give a higher average
”chlorite” content than method C. However,
the mean obtained with method A is not larger
than that obtained with method B.

It is evident that in chlorite” determina-
tions a correction for organic matter must be

made if samples high in organic matter are
analyzed without peroxide treatment, which
omission may on some counts be desirable.

The percentage of “chlorite” in fine clay
ranges on average from 20 9, in heavy clay
soils to 38 9, in finer silt soils, and the weighted
mean used in calculations in method C is 23 9%,.
Thus the values for soils high in clay may be
overestimated and those for soils low in clay
may be underestimated. The results obtained
with method C do show such a tendency but
the differences between other methods are not
usually significant. The correlation coefficient
between values determined with methods A and
B was r = 0.%%** compared with r = 0.7¢%%*%
between values obtained with methods A and C.

"Vermiculite”. All three methods gave
similar average “vermiculite” contents for the
soil textural classes. The correlation coefficient
between methods A and B was r = Q.g1%%*
compared with r = 0.90%** between methods
A and C.

The estimation of the ”vermiculite” content
with methods B and C is based on the *’vermic-
ulite” content of fractions cleaned with hydro-
gen peroxide and dithionite, which reagents
effectively remove organic matter and free iron.
Adsorbed on the surfaces of clay, these materials
will reduce potassium fixation, which property
was used to estimate the content of vermiculite.
Used to excess, the treatments mentioned have
also been found to modify the crystal structure
of mica, allowing the layers to expand and thus
to fix potassium when “vermiculite” is de-
termined (Doucras 1967). The factors men-
tioned may explain to some degree the differ-
ences in estimates from different methods, de-
termined on individual samples.

»Smectite”. Except for sandy clay soils
the ’smectite’ estimates obtained with methods
B and C are higher than the estimates from
method A, which were based on the analytical
results of unpurified soil samples. The purifica-
tion increases the cation exchange capacity used
to determine “’smectite’”. This may be the
reason for the high estimates obtained with
methods B and C. The correlation coefficient
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between the results of methods A and B was
r = 0.86%%*% and between those of methods A
and C, r = 0.es***,

?Amorphous Variable
results were obtained for the estimates of *’amor-

material”.

phous material” in individual samples. For
example a heavy clay sample contained 5 %,
*amorphous material’” according to method A
but almost 10 %, according to methods B and C.
In a finer finesand soil method A gave the
“amorphous material” content as 4 9, whereas
methods B and C gave it as 1 %. However,
no differences between textural class means
obtained with the different methods were found.
The tendency for method A to give higher
results may be due to dissolution of some easily
extractable amorphous constituents when sam-
ples where prepared for the determinations
needed in methods B and G. The correlation
coefficient between methods A and B was
r = 0.86*%** and between methods A and G,
r = Q.gg***,

“K feldspar”. Method A tends to over-
estimate K feldspar although differences be-
tween textural class means are not significant.
One reason for the comparatively low 7K feld-
spar” estimates with methods B and C is that
the amount of K feldspar’ was not determined
on the fine clay fraction because of its low
amount and uncertainty of estimation (Siprora
1972).

"Na feldspar”. Similar mean values
were obtained also for *’Na feldspar” with the
three methods. The high mean for method A
in the heavy clay class may be due to the fact
that the fine clay contains ’Na feldspar’ which
has not been taken in account in methods B
and C. The correlation coefficients between
methods A and B was r = 0.83*** and between
A and C, r = Q.g8%%*.

»Ca feldspar’. Method A gives higher
estimates for the content of ”’Ca feldspar™ in
finer silt soils than method C. For other textural
classes the values obtained with method A are
in the same range as the results of methods B
and C.

»Quartz”. In general good agreement be-
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tween different methods for estimating “’quartz”’
was obtained. This is indicated by the cor-
relation coefficients which were r = 0.93%** be-
tween methods A and B and r = 0.94%*** be-
tween methods B and C.

The amount of quartz was also determined
quantitatively by the DTA method. The results
obtained are compared with those obtained
with method A (Fig. 13). The DTA method
tended to give lower values than the pyro-
sulphate fusion method with heavy clay, fine-
sand and sand soils. With the other soils the
results were well within the range of values
obtained with method A. The correlation coef-
ficient between quartz percentages determined
with DTA and method A was r = Q.os**%,
With the DTA method the estimation of quartz
in heavy clay soils was quite uncertain because
of the small amount of quartz in these soils,
and also because the thermal effect of fine-
grained quartz is smaller than that of coarser
fractions (GrimMsHAW 1953). For example a heavy
clay soil containing 94 9, of clay contained
only 4 %, quartz according to a DTA determina-
tion, compared with 9 %, “quartz” obtained
with method A.

Total minerals. Thesums of minerals
determined with method A do not deviate
significantly from 100 %, except for coarser silt
textural class (Table 13). The sums of individual
samples deviated more, the range being from
97 to 107 9%. Except for the sand soil class,
the averages of sums of minerals determined
with method B are lower than 100 9,. This
result was expected, as fractions comprising less
than 5 9%, were not analyzed. The sums of
minerals for method C are close to 100 %. The
amounts of those minerals which were not esti-
mated would increase the sums to some extent.
This would lead to sums by far exceeding 100 %
of the results obtained with method A.

3.2.2 Mineral compositions of different soil
textural classes

The results obtained with method A (Fig. 14)
enable a comparison of mineral compositions
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of different soil textural classes. Mica’ is the
predominant mineral in heavy clay soils, com-
prising 19 to 33 9 in the material studied and
on average 27 %, for all heavy clay samples.
Second in abundance to ”mica” in heavy clay
soils is ’Na feldspar” but the content of *’chlo-

rite” is of a similar order. The contents of
?vermiculite”, ”’smectite’’ and ’amorphous ma-
terial”’ are relatively high in heavy clay soils,
but these components are least abundant of
any components except ~’Ca feldspar”.

In heavy clay soils the suin of contents of
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Fig. 14. Comparison of the mineral
refer to the following components: 1 =

composition of various textural classes. The numbers
mica’®, 2 = ’chlorite’’, 3

»’vermiculite’’, 4 = “’smec-

tite”’, 5 = “’amorphous material’’, 6 = K feldspar’’, 7 = ”’Na feldspar”’, 8 = ’Ca feldspar”,
9 = ’quartz”.
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»mica’, ’chlorite”, ’smectite”, ’vermiculite”
and ”amorphous material’’ makes up more than
half of the sample, whereas in other soils feld-
spars” and “quartz” form the major portion.
In all clay and in finer silt textural classes the
average content of ’chlorite” is nearly constant,
ranging from 12 to 14 9,. The content of “’chlo-
rite”” diminishes more slowly with increasing
coarseness of samples than the contents of other
clay minerals. Thus *’chlorite” is the most abun-
dant layer lattice mineral in finesand and sand
soils, comprising on averages 6 4= 2and 4 4+ 1 9,
of the respective soil textural classes. Typical of
sandy clays is the lower content of *’vermiculite’
and higher content of ’quartz’ relative to silty
and heavy clay soils. With regard to other
minerals silty and sandy clays are very similar.

The finer silt soils have on average a lower
“quartz” content than the coarser silt soils.
Particularly as regards to the contents of “feld-
spars” the silt soil groups are very similar. Com-
pared with the silty clay soils, the finer silt soil
group has a higher content of ’quartz” and a
lower content of “vermiculite”. The “mica”
content of finer finesand soils is very variable,
ranging from 0 to 22 %,. Despite the high *mica”
content of some samples the ’vermiculite con-
tent is low; on average less than 0.5 %. Also
in finesand and sand soils there was generally
no ’vermiculite’. .

In finer finesand soils the’’Ca feldspar” con-
tent is on average 9 4 1 9%,. Sand and finesand
soils consist almost entirely of feldspars” and
?quartz”. In sand soils the content of ”quartz”
ranged from 43 to 49 %,. Although high con-
tents of “amorphous material” are characteristic
of clay soils, even sand soils contain some *’amor-
phous material”.

3.3 Regional differences in mineral composition

The soils of Finland are relatively young. The
material from which soils are formed was de-
posited during or after the Quaternary. The
soil material originates from Precambrian igne-
ous and metamorphic rocks and possibly to a
small extent from Preglacial soils (Sovert 1956).
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The rock material has been crushed, pul-
verized and mixed by a continental ice sheet.
The coarser material has been transported only
a relatively short distance by meltwaters. The
finer material has been carried further away
from its origin. Clay material may even have
been deposited in several cycles.

The clays of the present coastal areas were
sedimented in deep water and their texture
is fine. Especially the clays in South-West Fin-

- land are very heavy. The sorted material in

higher areas of Central Finland was deposited
in shallow water and its texture is coarser, or
generally of silt size.

Since the mineral composition of soils ap-
pears to be closely connected with the texture,
regional differences are to a large extent related
to textural differences of the samples from vari-
ous regions (Fig. 1). The effect of texture could
possibly be reduced by comparing the composi-
tion of similar size fractions from different re-
gions. Therefore in the following the mineral
contents of fractions are presented, calculated
as averages for certain regions.

The mica” content of the fine clay of coastal
region samples (regions 1, 2 and 5) was 36 + 4%
(mean with confidence limits at the 95 %, level)
compared with 29 + 4 %, for the fine clay of
samples from other areas, but due to the large
variation the difference is not significant. The
content of “’vermiculite” was 16 £ 3 9, in the
fine clay of samples from South-West Finland,
where heavy clay soils are very common. The
percentage of “vermiculite’” was 10 4 2 % in
the fine clays of the other regions. The content
of amorphous material” was lower in the fine
clay of South-West Finland and Ostrobothnia
(regions 2 and 5), 16 + 1 9% than in the fine
clay of other regions, 24 4 2 %,

The mineral composition of coarse clay from
various regions was more homogeneous than the
composition of fine clay. The content of “’chlo-
rite’” in coarse clay from South-West Finland
(region 2) was 9 4 2 9% compared with 14
-+ 19, for the .other regions. The contents of
“amorphous material” from corresponding re-
gions were 3 4+ 1 % and 5 4- 1 %, respectively



The silt and coarser fractions from different-

regions were very similar in their contents of
various minerals, with the exception of ”’K feld-
spar”, the content of which was higher in the
Kouvola district than in similar fractions from
the other areas. The content of ’K feldspar’ in
the silt fraction of the samples from the Kouvola
district was 18 & 2 9%, compared with 14 4- 1 9,
in the other areas, in the finer finesand fraction
18 4-2 9%, and 14 + 1 %, in the finesand frac-
tion 20 -+ 2 9% and 13 4 1 %, and in the sand
fraction 25 + 4 9% and 17 + 2 9%, for Kouvola

and other areas respectively.

Sovert (1956) concluded that regional varia-
tions in the mineral composition of Finnish
clays are not extensive. He could, however,
trace the influence of the sedimentation environ-
ment and also that of bedrock on the composi-
tion of clays. In the present study the differ-
ences observed in the composition of the cléy
fractions of coastal and higher areas may be
related to the differences in sedimentation en-
vironment. The effect of bedrock on the com-
position of the silt, finer finesand, finesand and
sand fractions of samples taken from the rapa-
kivi area of the Kouvola district was very clear.

4. Relation between mineral composition and some soil chemical properties

Total major and trace element contents, ex-
tractable nonexchangeable K and Mg, fixa-
tion of K, basic exchangeable cations and ex-
change capacity were determined on the 56
soil samples whose mineral composition was
estimated. Stepwise multiple regression analysis
with an automatic data processing system was
used to study the relationships between de-
termined chemical properties and mineral com-
position of samples (EzekieL and Fox 1959). In
some cases also chemical properties together
with the percentage of clay were used as in-
dependent variables.

According to the calculations made quartz”
proved to be in close negative correlation with
the properties studied. Quartz apparently does
not have any direct effect on these properties,
but it acts rather as a diluent in the soil. There-
fore ”quartz’’ was not included as an explana-
tory variable in the final calculations. This
allowed more certain recognition of the order
of importance of those minerals which had a
positive effect.

Of the three methods used to estimate the
minerals in soil samples, method A yielded
values which explained better the variation in
chemical properties than did methods B or C.
Thus there are shown none of the results of
regression analyses using results of methods B
or G as independent variables.

4.1 Total potassium, sodium, calcium, magnesium
and iron :

Potassium. The average total content of
potassium in soil textural classes ranges from
2.47 4 0.35 to 3.20 & 0.15 %, K in the material
under study (Table 14). The average potas-
sium content of the sand soil group is high when
compared with reported potassium contents
of Finnish sand soils (KErRANEN 1946, Karra
1973). The high potassium content obtained
for the sand soils is due to two samples excep-
tionally rich in potassium feldspar from the
Kouvola district, where rapakivi is a common
bedrock material (SEpERHOLM 1924). Excluding
these two samples the average for the sand soil
class was 2.64 £ 0.40 %, K. Clearly, also the high
average potassium “content of finesand soils
has been affected by three samples from the
rapakivi area. T

The total potassium content of samples was
rather poorly correlated with the percentage of
clay, r = 0.3s8**. In the three clay soil groups
the correlation coefficient of total potassium
with the percentage of clay was r = 0.e2%*.
The correlation coefficient between total potas-
sium and the percentage of coarse clay was
r = 0.41**, No significant correlation was found
to exist between the content of fine clay and
that of total potassium.
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Table 14. Total contents of some major elements (9) in soil samples.
Means of soil textural classes with confidence limits at the 95 9 level.

Heavy Silty Sandy Finer Coarser Finer Fine-

clay clay clay silt silt finesand sand Sand
K 3204015 3074+ 03 278+ 017 3.05 4+ 0.27 2844+ 032 2474035 2654035 3.3 £+ O.70
Na 1.1 4 0.7 l.ez 4+ O.23 l.s1 4+ 0.16 1.s1 4- Qa7 l.ss 4= 011 2.04 & O.2g l.es + 0.22  2.11 + 0O.30
Ca 0.93 4- 0.8 l.o7 4- 023 0.97 + Qa3 l.os 4 O0.11 1.4 4 0.4 l.2a 4+ 0.1 Qw7 4+ 023 0.7 4 0.13
Mg 2.3 4+ 0.21 1.53 4 O.08 l.24 4- O.18 l.oa 4 O0.39 Q.93 4 0.6 O.78 + 042 Q.27 4 033 Q.27 + Oz
Fe 71 -0 5.1 4 0.5 51 4+ 1l 4.1 4 0.8 3.5 -+ 0a 2.9 4+ 2a 1l.a 4 0s le 4+ O.8

The greater importance of coarse clay than
fine clay in accounting for total soil potassium
is also evident when the potassium contents of
separated fractions are compared (Table 15).
The mean total potassium content of fine clay
of various textural classes ranged from l.72 4+
0.23 to 2.78 + 0.45 %, K. Low contents were
found in clay fractions separated from silt soils
and high ones in those separated from heavy
clay soils. The mean total potassium content of
the coarse clay fractions of various textural
classes ranged from 3.49 4 O.24 to 4.06 - 0.18 %, K
(Table 16). The highest contents were found in
the coarse clay fractions separated from heavy
clay soils and the lowest contents in the coarse
clay from sandy clays whereas the coarse clay
fractions of silt soils contained intermediate
amounts of potassium.

Sodium. Contrary to the case with potas-
sium, the lowest sodium contents occur in clay
soils, and the amount increases with increas-
ing particle size, with the exception of samples
in the finesand group (Table 14). The negative
correlation (r = —0.64**%) of total sodium with
the amount of the clay fraction, however, is
rather poor.

The fine clay fraction contained considerably

less sodium than the coarse clay fraction (Ta-
bles 15 and 16). The fine clay fractions separated
from different groups of soils contained variable
amounts of sodium. Fractions separated from
finer silt soils had a low average content whereas
high contents were found in fractions separated
from heavy clay soils. Also the coarse clay
fractions of heavy clay soils contained relatively
large amounts of sodium. The silt fractions of
various soil textural classes contained similar
amounts of sodium except for finesand soils,
in which relatively low contents were present
(Table 17).

In the multiple regression analyses of the
estimated mineral components, other than
’quartz”, ”mica’” and “Na feldspar” appeared
to be significant in explaining the variation in
the content of total sodium. The obtained regres-
sion coefficients (b) with the confidence limits
at the 95 9 level, and the coefficients of deter-
mination (d) were following:

»’Mica’’ >’Na feldspar”’ d
b b
Fractions
Fine clay 0.017 4 0O.010 0.27
Coarse clay 0.074 4+ Q.07 0.70
Silt 0.062 4= O.021 0.52
Soil 0.063 + 0.018 0.18

Table 15. Total contents of some major elements (%) in the fine clay fractions (< 0.2 m)
of various soil textural classes (the number of samples in parentheses).
Mean values with confidence limits at the 95 9, level.

Heavy Silty Sandy Finer Coarser
clay clay clay silt silt
) ) 9] Q)] Q)
K 2.8 4= 0.45 2.70 4= O.22 2.69 + 0.62 1.s8 4= Q.27 l72 4+ Q.23
Na 0.68 4= 0.17 0.56 4- O.16 0.35 4= 0.26 0.22 4 Q.08 0.s2 + Q.38
Ca 0.29 - O.05 0.19 4= O.08 0.15 4~ 0O.08 0.11 &+ O.03 0.12 + O.02
Mg 2.7 - 0.27 l.9s 4- O.31 l.oa 4 O.28 l.65 4+ 0O.20 l.a5 4+ O.23
Fe 7.16 4 O.68 8.11 1+ 0.55 7.95 + 0.76 7.42 + O.69 7.44 + O.83
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Table 16. Total contents of some major elements (%) in the coarse clay fractions (0.2
— 2 um) of various soil textural classes (the number of samples in parentheses).
Mean values with confidence limits at the 95 9, level.

Heavy Silty Sandy Finer Coarser
clay clay clay silt silt
7) 7) ) ) )
K 4.06 + 0.8 3.70 £+ O.32 3.49 & O.2a 3.73 £+ Q.0 3.1 4 0.31
Na 1.97 + O.16 l.76 4+ Q.19 1.4 4 0.15 1.57 4 0.30 1.60 4+ 0.19
Ca 1.7 4+ Oz l.os + 0.1 0.88 - 0.18 O.84 -+ 014 0.85 -+ 0.8
Mg 2.31 + 0.19 2.08 -+ 0.51 2.26 + Q.22 2.4 + O.a3 2.10 4+ 0.30
Fe 5.45 + 0.54 4.97 4 l.os 5.34 -+ 0.58 5.44 4 O.02 5.52 + 0.44

Table 17. Total contents of some major elements (%) in the silt fractions (2—20 um) of various soil textural classes
(the number of samples in parentheses).
Mean values with confidence limits at the 95 9, level.

Heavy Silty Sandy Finer Coarser Finer Fine-
clay clay clay silt silt finesand sand
) Q) W) ] n @) 7

K 3.08 4 0.2 2.80 -+ O.20 2.69 + 0.08 3.23 4+ O.23 3.05 + 0.30 2.2z + 0.50 2.53 + O.29
Na 2.22 4 0.17 2.33 4 O.25 2.01 £+ Q.22 2.26 4+ 0.29 2.37 4+ 0.3 2.00 + 0.22 177z 4 O.23
Ca 1.57 4 O.se l.aa 4- O.28 l.3a + 0.7 l.a9 4 O.22 1.50 4 O.26 1.52 4 O.31 l.3a 4 Q.21
Mg l.os + 0.21 0.97 + O.26 0.9a + 0.1 0.89 -+ 0.37 0.71 £+ 0.25 l.es + O.ss l.os 4 Q.21
Fe 2.68 + 0.13 2.30 4 0.40 2.28 + 0.1 2.7 + 0O.83 2.03 &+ O.52 3.52 4 2.05 2.82 - O.57

The proportion of the variation in the content
of total sodium explained by ’Na feldspar”
is relatively low. This suggests that ’Na feldspar”’
is not the only mineral contributing to soil total
sodium. According to data presented by DEER
et al. (1962) micas contain considerable amounts
of sodium. The sodium content of muscovite
may vary up to 2.0 % and that of biotite up
to 1.1 %. In the fine clay fractions in which
Na feldspar was not estimated, ’’mica” was
suggested to contribute significantly, to the total
sodium content. Vermiculites and chlorites con-
tain much lower amounts of sodium than do
micas (DEER et al. 1962).

The low correlation of total sodium on Na
feldspar” may have been caused partly by in-
accurate estimation of ’Na feldspar”. The nar-
row range of variation of the conversion factors
used for ”Na feldspar” (Table 4) suggests that
sodium adsorption during fusion may mask
some of the variation in the content of “Na
feldspar”. The plagioclase particles from soil
may also behave differently during fusion than
samples which have been ground in the labor-
atory. The increase in dissolution of plagioclase
when the content of the anortite component

increases adds also to the uncertainty of “Na
feldspar” estimation.

Calcium. The total content of calcium
varies among various groups of soils less than
other elements determined (Table 14). The
highest mean calcium content was found in the
finer finesand class in the present material but
differences between groups are not significant.
Although the total amount of calcium tends to
be lower in fine textured samples, no significant
correlation was found between the content of
clay and total calcium.

The content of calcium in fine clay was low,
ranging from 0.11 4= 0.09 %, in fine silt soil frac-
tions to 0O.29 - 0.05 % in heavy clay soil frac-
tions (Table 15). The calcium content of the
coarse clay fraction ranged on average from
0.s4 + 0.14 % in finer silt soils to 1.17 & 0.12 %
in heavy clay soils (Table 16).

Multiple regression analyses showed that as
well as ’Ca feldspar” also ’mica’ and *’smec-
tite” were significant in explaining the total
calcium content (Table 18). The relatively poor
correlation of ’Ca feldspar’” with total calcium
suggests that the samples contain also other
calcium-bearing minerals. X-ray diffraction anal-
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Table 18. Regression coefficients (b) with confidence limits at the 95 9, level, B-coefficients and coefficients of
determination (d) for the relationship between the total content of calcium and mineral components.

?Mica”’ - *>*Smectite’’ *’Ca feldspar’’ d
b [¢] b B b £}
Fractions : -
Fine clay 0.004 + 0.003 0.10 0.004 3 0.003 0.40 — —_— 0.49
Coarse clay —_ — —_ — 0.101 - Q.066 —_ 0.23
Silt — — — — 0.097 4 O.056 — 0.28
Soil 0.008 4~ 0.007 0.31 — — 0.093 4~ 0.032 0.m1 0.36

ysis indicated the precence of minerals of the
amphibole and pyroxene groups in the coarse
clay and coarser fractions. These minerals were
also identified in heavy mineral separates. Am-
phiboles and pyroxenes may contain up to 9 9
calcium (ANNERSTEN and ExsTréM 1971). Since,
according to the estimates, the content of cal-
cium feldspar is low, even small contents of
amphibole and pyroxene minerals may have
an important effect on total soil calcium.

Various micas, chlorites, smectites and ver-
miculites may contain low amounts of calcium
(DEER etal. 1962). For the present material
this was also suggested by the regression analyses,
which indicated that “’smectite” and ’mica”
were significant in explaining the variation in
total calcium content of fine clay, and “mica”
together with ’Ca feldspar” in explaining the
variation in calcium content of unfractionated
soil samples.

Magnesium. Differences in the total
content of magnesium between soil textural clas-
ses are very clear (Table 14). Average Mg con-
tents of textural classes range from 0.2v 4 0.11 %
in sand soils to 2.03 4 0.21 9%, of Mg in heavy
clay soils. Total magnesium contents within
the same range have been found previously in
Finnish soils by Kama (1973). The close de-

pendence of total magnesium content on the
clay content is indicated by the correlation coef-
ficient, r = Q.gg***,

The total analysis of separated fractions
showed that the content of total magnesium is
lower in fine clay than in coarse clay. The
average total magnesium content in fine clay
ranged from 2.17 4 0.27 %, in heavy clay soil
fractions to 1.45 4 0.23 %, in fractions separated
from coarser silt soils (Table 15). In coarse
clay the total magnesium had a narrower range
of variation from 2.34 4- 0.19 to 2.06 4 0.51 %,
(Table 16).

According to multiple regression analyses,
“mica’” together with *’chlorite”, *’vermiculite’
or ”Ca feldspar” was significant in explaining
the variation in the content of total magnesium
of fine cléy, coarse clay and silt fractions and
of the soil samples (Table 19). On the basis of
the B-coefficients ’mica” is suggested to have
a larger effect on total magnesium than “chlo-
rite” or ’vermiculite”. The importance of
”mica’ in explaining total magnesium indicates
that a trioctahedral type of this mineral is
present in Finnish soils.

According to the analyses of Lokka (1943)
a biotite from Southern Finland contained 3.2 %,
Mg whereas a sample from Central Finland

Table 19. Regression coefficients (b) with confidence limits at the 95 9, level, B-coefficients and coefficients of
determination (d) for the relationship between the total content of magnesium and mineral components.

**Mica®’ ’Chlorite’” **Vermiculite’’ »’Ca feldspar”® d
b 6 b b 8 b B
Fractions
Fine clay 0.020 &+ O.o11 — — — — — — — 045
Coarse clay  0.037 &4 0.025 0.64 0.037 + 0.031 0.69 —_ — 0.235 4 0.159 0.60 O.32
Silt 0.039 1+ 0.012 0.67 0.052 + O.019 0.55 —_ — — — Q.2
Soil 0.031 &+ O.o12 0.45 0.053 4+ 0.021 0.33 0.054 -~ 0.031 0.27 — — O
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contained only 0.51 9% Mg. The magnesium
content of biotites generally ranges from less
than 0.1 9% to 8.19% (DEeErR etal. 1962). Ac-
cording to the same reference, magnesium rich
trioctahedral mica or phlogopite may contain
from 8.9 to 17.2 %, magnesium. The regression
coefficients obtained for mica” in the equations
calculated are low, suggesting that the average
mica in Finnish soils is biotite rather than
phlogopite. However, it is more likely that
various types of mica are present, including
muscovite, and that the regression coefficient
obtained is an estimate of the average effect of
all these types.

Chlorites have variable magnesium contents
as is suggested by the material to which DegEr
et al. (1962) refer, in which values range from
0.1 to 19.7 %,. A chlorite from Central Finland
reported by Lokka (1943) contained 7.0 9%,
magnesium and the chlorites studied by Serr-
saArI (1954) 8.5 and 9.0 %. These values are
higher than the regression coefficient of *’chlo-
rite” on its magnesium content. It should be
noted, however, that *’chlorite’ includes also
aluminous secondary chlorite and iron rich chlo-
rite, whose magnesium contents are low.

Also vermiculite is rich in magnesium. In
the present material ’vermiculite”, however,
appeared to have a significant effect on the
content of total magnesium only in material
consisting of unfractionated samples. Reported
magnesium contents of vermiculite range from
11 to 16 9, (DEER et al. 1962, BoeTTCcHER 1966).
The effect of soil vermiculite on Mg content,
as estimated by the regression coefficient is
much lower than the total content of large
particle sized vermiculites would suggest. Also
the evidence that vermiculites are weathering
products of phlogopites rather than of biotites
suggests that the effect of vermiculite on total
magnesium would be large (FosTer 1962).

It has been found, however, that the total
magnesium content of vermiculite decreases
whereas the total iron content increases with
decreasing particle size. In the material analyzed
by Kerns-and MANKIN (1967) 0.2s— 0.5 pm
vermiculite from soil contained 5.4 9%, magne-

sium compared with 14.5 %, in coarse crystal-
line material of the same sample. Also the find-
ing of BarsHap and Kisuk (1969), that soils
contain in addition to the magnesium contain-
ing type also an aluminous type of vermiculite,
suggest that soil vermiculite may not affect total
magnesium to such a degree as the coarse grained
vermiculites. Barsgap and Kisax (1969) cal-
culated that the aluminous types of soil ver-
miculites which they studied contained 1.5 to
4.7 % magnesium.

The fact that the regression analysis indicates
that ’Ca feldspar” contributes to the total mag-
nesium content of coarse clay implies that some
minerals, for example pyroxenes or amphiboles,
containing both magnesium and calcium have
affected the ’Ca feldspar® estimates.

Iron. The content of total iron in soil
samples decreases with increasing coarseness of
texture (Table 14). The dependence of the
content of total iron on the percentage of clay
fraction is close, r = Q.g3% %%,

There were no differences in the content of
total iron between fine and coarse clay nor be-
tween silt fractions separated from various soil
textural classes (Tables 15, 16 and 17). Contrary
to the case for the other major elements analyzed
the content of total iron was higher in fine clay
than in coarse clay.

Multiple regression analyses indicated that
”mica’, chlorite”, “’vermiculite”, ’smectite”
and also ”amorphous material”’ were important
in explaining the variation in the content of total
iron of clay and silt fractions. In the case of
the unfractionated samples the proportion of
dithionite extractable iron (Table 2) was sub-
tracted from total iron to give an estimate of iron
crystallized in silicate minerals. After this sub-
traction ’mica’, >’chlorite”, *’vermiculite” and
“smectite” explained 82 9, of the variation in
the iron values obtained (Table 20).

Of the variation of the total iron in the two
clay fractions only a very low proportion is
accounted for the estimated mineral compo-
nents. The B-coefficients suggest that in silt
fraction mica” affects most to the total iron
content. To the total iron in soil samples “’chlo-
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8
0.1 0.35
— 0.14
— 0.70
— 0.82

’’ Amorphous material’

b
0.092 -+ 0.070

0.80
0.19

**Smectite’’

b
0.075 = O.044
0.159 4 0.144

0.52
0.31

*’Vermiculite”

b
0.072 + 0.050
0.157 + 0.104

0.37
0.4
0.34

*Chlorite’’

b
0.065 4+ 0.058
0.086 4= 0.040
0.141 + 0.085

B

for the relationship between the total content of iron and mineral components.
0.73
0.23

*Mica”®

Table 20. Regression coefficients (b) with confidence limits at the 95 94, level, B-coefficients and coefficients of determination (d)
b
0.087 &= 0.024
0.041 4 O.035

Coarse clay
Silt

Fine clay
Soil

Fractions

rite” and *vermiculite” are indicated to have
a larger effect than “mica”.
The iron content of biotite in rocks may range
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from 14 to more than 21 9 (Loxka 1943,
Eskora 1949) and in chlorite similar or higher
contents have been found (Srrrsaarr 1954,
Dekr et al. 1962). The low value of the regres-
sion coefficient for ’mica” compared with the
iron contents of biotites indicated that the
”mica” in the samples analyzed contain also
types low in iron. Also the “’chlorite” regression
coefficient estimating the effect of the average
chlorite in soil samples on the total iron is lower
than the iron content of chlorites found in
rocks. This is the case because among the various
types of chlorites occuring in soil also types low
in iron are included.

Large particle size vermiculites generally
contain less than 7 % of iron (FosTEr 1962,
Deer etal. 1962, BoeTTcHER 1966). Even the
highest contents reported are far below the con-
tents found in biotites and chlorites. However,
according to estimates of BArRsHAD and Kisak
(1969) the iron content of soil vermiculite can
be as much as 12 9. This shows that fine
grained soil vermiculite may contain more iron
than coarser, well crystallized vermiculites of
hydrothermal origin.

The significance of *’amorphous material” in
accounting for the total iron of fine clay frac-
tions may indicate that as result of weathering
iron is accumulating in that fraction of alumina
and silica which is determined as “amorphous
material”. However, fine grained smectites or
other fine minerals also dissolve in the treatment
used to estimate amorphous material (ALEXIA-
DEs and Jackson 1966, Wapa and GREENLAND
1970) which may explain the significance of
“amorphous material” in accounting for total
iron.

4.2 Total trace elements

Some of the trace elements in rocks are present
in independent minerals, but many replace
major structural elements in mineral crystals
(MrrceHeLL 1965). Thus the total trace element
content of soils may depend mainly on the
trace elements which the common soil forming
minerals contain. Similarities in ionic size make



Table 21. Total contents of some trace elements (mg/kg) in soil samples.
Means of soil textural classes with confidence limits at the 95 9, level.

Heavy Silty Sandy

Finer

Coarser Finer Fine-

clay clay clay silt finesand sand Sand
Cr 178 £ 10 138 4 24 105 + 17 98 + 34 71 + 6 53 4- 42 34 4 13 —
Co 29.2 4+ 2. 25.8 4 2.1 21.6 + 6.4 176451 153+ 1l 96471 6.6 + 4.0 -
Cu 98 + 24 58 + 8 35415 354+ 13 22 + 4 18 + 16 —_ —
Mn 1023 4 154 1232+ 363 1457 -+-973 937 + 326 781 4229 992 4- 1560 392 + 201 342 4+ 394
Mo — — 5.3+ 0.9 5.2 4 0.9 4.7+ 0.4 3+ ls 3.2+ 0.9 354+ 03
Ni 68 7 534+ 5 38 46 38 + 11 31 4 14 22 + 10 15 + 14 15+ 11
Pb 32+ 4 31 +3 3243 3445 404+ 9 29+ 5 2945 29 4- 12
Sr 303 + 38 333 4+ 35 322 + 25 377 4-56 415450 360436 284 4 27 261 4 46
\% 245 4+ 15 179 + 28 146 4- 28 133 + 41 106 4- 13 69 + 35 45 £+ 15 35+ 15

+8 56 + 15 54 4 12 58 + 10 37 + 14 24 4- 10 20 + 9

Zn 78 4+ 10 59

substitutions possible and particularly ferro-
magnesian silicates may be rich in various trace
elements. The degree of replacement depends,
however, on the conditions of crystallization.
Therefore the trace element content even of
the same mineral species may vary considerably
depending on its origin. Although in the present
study the main soil minerals were determined
as broad groups it was considered that some
knowledge about the distribution of trace ele-
ments in the soil minerals could be obtained
with multiple regression analysis. Furthermore,
the spectrographic method used for the de-
termination of total amounts of trace elements
is not considered to be very accurate. The coef-
ficient of variation for parallel determination of
various elements may range from 5 to 14 9,
(MAxrTiE 1961). An error of similar order may
be caused also because of the variation in the
total composition of the samples compared with
that of a gyttja clay sample which was used as
the matrix for the standards (MAxkiTiE and
Larpr 1958).

Chromium. The data in Table 21 shows
that on average the total chromium contents
of fine textured soil groups are much higher
than those of coarse textured soils. The chro-
mium contents of individual samples ranged
from 190 ppm in a heavy clay soil to non-
detectable contents in various sand soils. The
chromium content of heavy clay soils in the
present material seems to be slightly higher
than that in the Southern Finnish subsoils re-
ported by Ervi6é and Virrr (1965). The means

for coarser soils are similar to values reported
previously for Finnish soils.

The close association of the contents of chro-
mium and clay is illustrated by the high value
for the correlation coefficient, r = Q.90%*%*,
Coarse clay was correlated with total chromium
to same degree (Table22) as the total clay
fraction but judged by z-transformation test
(SnepEcorR and CocHRAN 1972) the fine clay
seemed to be less closely connected.

Of the minerals determined ’mica’ was the
best correlated with total chromium content of
the samples, r = 0.90%**. Multiple regression
analyses revealed that the variation in total
chromium content of the samples was not sig-
nificantly explained by minerals other than
mica”, »vermiculite” and »chlorite” (Ta-
ble 23).

The three minerals together explained a very
high proportion, 93 9%, of the variation in the
content of total chromium. On the basis of
the B-coefficients ’mica” is more important
than *’vermiculite’ or *’chlorite” in determin-
ing the total chromium in studied samples.

Geochemically chromium resembles iron in
many respects, and indeed chromium occurs in
iron ores in high concentrations. Independent
chromium minerals such as chromium mica or
chromium chlorite are rare (Rankama and
Sapama 1952). A more important mode of
occurence is as a replacing ion in the structures
of silicate minerals, in which Cr3+ replaces not
only ferric iron but also, despite valence dif-
ferences, ferrous iron and magnesium. The
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Table 22. The correlation coefficients of the total contents of some trace elements with three clay fractions and
dithionite extractable iron.

Cr Co Cu Mn Mo Ni Pb Sr Vv . Zn

Clay fractions:

<2 pm O.90®**  Qugz®¥*  Quop¥*%  (Q.g7* 0.60%*%  Q.og*¥*  ns ns  Q.a¥¥*  (Q.ga*¥¥

0.2—2 pm O.go*¥*  Qugs***  Qug*%* Q% O.p9***  Q.02%**  ns  ns  Oma®** Q¥

< 0.2 pm O.g0***  Qupp¥%*  (.go*** ns 0.37* O.8%*%* ns ns  Ouga¥** (g%

Dithionite extract-

able iron 0.23%% O.e1**%  ns O.80%%*  Q.e1¥**  Qus*** ns ns  Qusa®*%* Qg% %

ns = P>0.05, *= P<0.05, **= P<0.01], #*k — P<0.001.

Table 23. Regression coefficients (b) with confidence limits at the 95 9, level, 8-coefficients and
coefficients of multiple determination (d) for the relationship between the total contents of some
trace elements and mineral components.

>’Mica”’ *’Chlorite’’ >’Vermiculite’” d
b B b B b B8
Cr 3.0 4 0.8 0.a9 449 4 1.5 0.27 5.8 4 2.0 0.37 0.93
Co 0.2 + 0.2 0.22 l.2 + 0.4 0.50 11 + 05 0.37 0.86
Cu la 4 0.6 0.30 3.0 4 2.4 0.19 5.6+ 18 0.56 0.88
Ni 0.6 4+ 0.3 0.20 1.5 4- 0.6 0.30 3.1 4 0 0.51 0.91
A% 384 l.o 0.15 48 + lo 0.25 9.3 - 2.7 0.39 0.93
Zn 1.6 4- 0.5 0.62 le 4 12 0.28 — — 0.70

occurrence of chromium replacing the iron and
magnesium in biotite explains the importance
of ’mica’ in accounting for total soil chromium.

According to the partial regression coefficient
the chromium content of the samples studied
increases at a rate of about 3 mg/kg for a one
per cent increase in ’mica”. This rate gives
low values compared with the chromium con-
tents of Canadian biotites and phlogopites which
contents range from less than 340 mg/kg to
6 400 mg/kg (Rimsarte 1967). Lower contents,
ranging from 4 to 700 ppm, have been found in
biotites from granites (LoveriNg 1969). Obvi-
ously the content of chromium in biotites is
variable and the relatively low effect of soil
”mica’’ may be due to the fact that in the ”’mica”
component estimated also types deficient in
chromium may be present.

According to a few analyses found in the
literature, the chromium content of vermiculite
may range from 3 300 to 3 600 ppm (FosTER
1962). Such values are much larger than the
value implied by the regression coefficient.

In iron and magnesium rich forms of chlorite,
chromium can replace these elements. Chro-
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mium contents of chlorite ranging from 0.7s
to 5.39 9% Cr have been found (Larmam 1958),
but much lower contents are more common.
Also the regression coefficient points to a chro-
mium content lower by far than these values
in the chlorite” of the samples studied.
Cobalt. The average cobalt content of
fine textured soil groups is higher than that of
coarse textured soils (Table 21). The correla-
tion between total cobalt and the percentage of
clay is close, r =0.s3*** (Table 22). The con-
tent of total cobalt seems to be more closely
associated with the coarse clay (r = 0.s5%%%)
than with the content of fine clay (r = 0.72%%%).
The correlation coefficient between dithionite
extractable iron and cobalt was r = 0Q.g1%**,
According to the multiple regression anal-
yses, *’chlorite”
were together significant in explaining the

”mica”, vermiculite” and
variation in the content of total cobalt in sam-
ples (Table 23).

A relatively high proportion of the variation,
86 9%, is explained by these three mineral com-
ponents. The B-coefficients indicate that *’chlo-

rite” may be more important than “mica™ or



“vermiculite” in determining the amount of
total cobalt in soils.

In igneous rocks, cobalt is not present as an
independent mineral but it replaces ferrous iron
and magnesium in ferromagnesian silicates
(Rankama and Sasama 1952). In accordance
with this principle, the results obtained suggest
that the cobalt in soil is located in the magne-
sium and iron rich minerals *’mica”, *’chlorite”
and “’vermiculite”.

As the results of the studies of Hopason and
TiLer (1962) indicate, cobalt added to the
soil may be sorbed to some extent in the inter-
layers of vermiculite but in even greater measure
it is situated in defects on the surfaces of mineral
particles. The weakness of the correlation of
total cobalt with the percentage of fine clay
and free iron suggests that mechanical grinding
and chemical weathering have not brought
about much dislocation of cobalt in Finnish
soils as has been found elsewhere (LE RicHE
and WEIR 1963). Instead the results obtained
suggest that the bulk of the cobalt in the soils
studied occurs in the crystal lattices of ’mica”,
”chlorite’” and ”vermiculite”.

Copper. The average total copper con-
tent of soil textural classes ranges from 98 -+
24 ppm in heavy clay soils to non-detectable
amounts in finesand and sand soils (Table 21).
The average total copper content of heavy
clay soils is high when compared with total
copper values reported earlier for Finnish soils
(VuoriNeN 1958). Ervi6 and Virrr (1965) have,
however, found values within the range from
80 to 120 ppm, so that the mean for heavy
clays in the present material, although high,
is not exceptional. The average copper content
of silty clay soils is higher than the contents
found by Ervié-and Virrr (1965) whereas aver-
ages for the sandy clay and the silt soils are
closer to those found previously in Finnish soils.

The decrease in copper content with increas-
ing particle size is very clear (Table 21) as has
been found also in earlier investigations (Vuo-
RINEN 1958). The dependence of the total con-
tent of copper on the clay content is close,
r = O.01***, Contrary to the case with most

other trace elements, the total content of cop-
per tends to be better correlated with the con-
tent of fine clay than with the content of coarse
clay (Table 22).

None of the individual minerals estimated
was correlated with total copper to a higher
degree than the percentage of clay. ’Mica”,
?vermiculite” and “smectite” appeared to be
the only components which, according to the
multiple regression analysis, were together sig-
nificant in explaining variation in the total cop-
per content of samples (Table 23).

The partial regression coefficient suggests that
“vermiculite” has a large effect on the copper
content of samples. The effect of a one per cent
unit of ”vermiculite is about 5 times the effect
of a one per cent unit of ”mica”. Also the
B-coefficients suggest that “’vermiculite” is more
important than *mica” or “smectite” in ac-
counting for the total copper in soils.

According to Krauskorr (1972) a part of the
copper in igneous rocks occurs as microscopic
grains of sulphide between the silicate crystals
and another part substitutes Mg and Fe in fer-
romagnesian minerals. Thus trioctahedral mica
may contain copper, as well as many other trace
elements. The copper content of biotites may
range from 6 to 220 ppm (Rimsarte 1967, An-
NERSTEN and ExsTrROM 1971). On the basis of
the regression coefficient the effect of a one per
cent unit of ’mica’ on the total copper content
is in this range.

Manganese. Themanganese content has
a relatively large range of variation within soil
textural classes of the sample material analyzed
(Table 21). Similar values to those obtained for
the present material have also been found earlier
in Finnish soils (Ervié and Virri 1965). Only
a very low correlation (r = 0.27%) was found
to exist between the percentage of clay and total
manganese content (Table 22). Of the minerals
estimated “’chlorite” was more closely cor-
related (r = 0.47%%%*) with the content of total
manganese than the other components analysed.
According to the multiple regression analyses,
other minerals had no significant additional
effects. A close correlation (r = 0.s0***) was
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found to exist between the percentage of dith-
ionite extractable iron and total manganese.

According to Rankama and Samama (1952)
manganese occurs in rocks in such easily weather-
ing minerals as olivine and hornblende but also
in biotite. Manganese resembles iron in its oc-
curence and properties. It is precipitated to-
gether with iron in conditions where a high
redox potential prevails.

The association of large quantities of man-
ganese with free oxides and hydroxides has been
found when British soils have been treated with
specific extractants (LE Ricue and WEIr 1963).
The results obtained may suggest that an im-
portant part of soil total manganese exists also
in Finnish soils in surface coatings of particles
and in concretions formed by precipitation.

Molybdenum. Possibly due to differ-
ences in the matrix composition of heavy clay
and silty clay samples compared with that of
the standards used, the estimation of total
molybdenum in these textural classes was highly
uncertain. Therefore the results for these soil
textural classes are not reported. In the other
groups the content of total molybdenum tends
to decrease when the particle size of samples
increases (Table 21). The correlation of total
molybdenum with the percentage of clay was
not very close (r = 0.60**). The percentage of
coarse clay is better correlated (r = 0.69%%)
than the content of fine clay with total molyb-
denum (r = 0.37%).

The association of molydenum with oxalate
extractable iron has been observed in several
studies (Le RicoE and WER 1963, Jaakkora
1972). In the present data a significant correla-
tion, r = 0.61%¥**, was found between dithionite
extractable iron and total molybdenum. Of the
minerals estimated >’chlorite” was more closely
correlated than other minerals with the con-
tent of total molybdenum in the samples (r =
0.66%*%),

In granites, molybdenum is usually present
as the sulphide, molybdenite (Rankama and
Samama 1952). Molybdenum may also be in-
corporated in members of the so-called heavy
mineral group (MrrcreLL 1965). Concentra-

216

tions of molybdenum ranging from 0 to 11 ppm
have been reported in biotites of Swedish origin
(ANNERSTEN and ExstroMm 1971), and also feld-
spar structures may contain considerable quan-
tities of molybdenum (Krauskopr 1972). The
occurence of molybdenum in biotite and .feld-
spar was not, however, indicated by the. results
obtained.

Nickel The average content of nickel in
the present material (Table 21) is of the same
order as contents previously found in Finnish
soils (Ervié and Virrr 1965). The association
of nickel with clay is illustrated by a high cor-
relation coefficient, r = 0.93***_ and total nickel
may be in combination with coarse clay, r =
0.92%** rather than with fine clay, r = 0.85%***
(Table 22). The correlation of total nickel with
free iron was not close, r = 0.45***, The closer
correlation of total nickel with coarse clay than
with fine clay and its low correlation with dithi-
onite extractable iron indicates that the nickel
in the soils studied is more likely located in the
crystal lattices of minerals than in weathering
products.

The correlation coefficients between the con-
tents of total nickel and “’mica”, “chlorite”,
?vermiculite”, ?’smectite’ and ~’amorphous ma-
terial” ranged from O.e9*** to 0.ss***. The
multiple determination coefficient of the regres-
sion equation in which the percentages of ’mica”,
»chlorite” and “’vermiculite” together explain
the variation in the content of total nickel was
0.91%** (Table 23).

According to the p-coefficients “’vermiculite”
is more important than “mica” or “chlorite”
in determining the content of nickel in soil.
Also the value of the partial regression coefficient
for vermiculite” is higher than the same coef-
ficients for ”’mica” and ’chlorite”.

According to Rankama and Samama (1952)
nickel occurs in large amounts in basic igneous
rocks. In granitic rocks nickel replaces magne-
sium because of the similar ionic size of these
elements. Nickel contents up to 1 200 ppm with
a median content of about 50 ppm have been
found in biotite from rocks (LoveriNg 1969).
In a number of biotites of Swedish origin nickel



contents ranged from 12 to 89 pp, (ANNERSTEN
and ExstroM 1971). The nickel content of
soil ”’mica’, according to the regression coef-
ficient, is of the same order as that of rock
biotites.

In vermiculites, nickel contents ranging from
500 to 2200 ppm have been found (FosTEr
1962). The regression coefficient for soil “ver-
miculite” is low compared with the nickel con-
tents of coarse-grained vermiculites.

Since primary chlorites are rich in magnesium
and iron, nickel can also occur in this mineral.

L ead. The average content of lead is very
similar in all textural classes (Table 21). The
lead contents in the present material are lower
than values reported by SiLLaneAX (1962) but
higher than those reported by Ervié and VIRRrI
(1965) for subsoils in Southern Finland. The
regression analysis did not indicate any rela-
tionship between the contents of lead and the
clay fraction. Nor was any correlation found
between the contents of total lead and dithionite
extractableiron in the present material, although
in some British soils oxalate extracts a large
proportion of total lead (Le RicHE and WEIr
1963).

No significant correlations were found be-
tween the contents of total lead and the minerals
determined. Multiple regression analysis in-
dicated, however, that “mica” and K feld-
spar” together explained a small (23 9%,) but
significant part of the variation in the content
of total lead of the samples.

The radius of the Pb2+ ion is 1.s2 A compared
with 1.s3 A for the K+ ion. This similarity makes
it possible for lead to replace potassium in feld-
spar structures (RaNnkama and Samama 1952).
Considerable quantities of lead occur in rocks
in this form, especially in pegmatites. Contents
of up to 160 ppm have been found in alkali feld-
spars of Norwegian origin, but on average con-
tents of about 25 ppm are common (HEIER and
Tavror 1959). Lead has been detected also in
biotite, contents ranging from 12 to 23 ppm in
samples of Swedish origin (ANNERSTEN and
ExstrOM 1971). The occurence of lead in feld-
spars and biotites may explain its even distribu-

tion in soils differing in texture although the
occurence of lead in the minerals mentioned
appears on the basis of the results obtained here
to be of minor importance.

Strontium. The highest strontium con-
tent, 490 ppm, was found in a coarser silt
sample. The lowest strontium contents were
found in the finesand and sand soil groups
(Table 21). In the present data the total stron-
tium contents are about half of mean values
obtained for a larger material of Finnish soils
(LakaneN and SiLLanpAA 1967) but also values
in the range of the present study have been
obtained (Ervié and VIrrI 1965).

Total strontium was not correlated with any
of the clay fractions determined (Table 22).
Of the minerals analyzed ’Na and Ca feld-
spars” were positively correlated with total
strontium, but the correlation coefficients were
low, r = 0.29* and r = 0.34*%*, respectively.

Strontium resembles calcium closely in its
chemical properties. Thus strontium occurs with
calcium in rock minerals (Rankama and Sa-
HaMma 1952). In plagioclase feldspar, strontium
contents ranging from 1 000 to 5 000 ppm have
been found by Wager and MircHeELL (1951).
Nacasawa (1971) reported much lower values,
ranging from 66 to 590 ppm.

Because of similarity in ionic size, strontium
may also replace potassium in many minerals.
In biotites of Swedish origin strontium contents
from 2 to 50 ppm have been found (ANNERSTEN
and ExsTtrOM 1971). In K feldspars, values rang-
ing from 50 to 216 ppm have been reported
(Nagasawa 1971). Thus strontium occurs in
various minerals replacing calcium and potas-
sium, possibly also in minerals whose contents
were not determined.

Vanadium. Fine textured soils appear
to contain much more vanadium than soils
of coarse texture (Table 21). The correla-
tion coefficient between the contents of total
vanadium and clay is high, r = 0.94*%* (Ta-
ble 22). The content of vanadium tends to be
more closely correlated with the content of fine
clay (r = O.04*%**) than with that of coarse
clay (r = 0.84**¥), The vanadium contents in
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Table 21 are of the same order as contents re-
ported previously for Finnish soils (VUORINEN
1960).

A stepwise calculation of multiple regression
equations revealed that mica’’, *’chlorite’ and
?vermiculite’ were significant in explaining the
variation in total soil vanadium (Table 23).

The B-coefficients suggest that >mica” is more
important than >vermiculite” or chlorite” in
determining total vanadium in the soils studied.

In rocks, vanadium occurs in basic minerals,
in whose crystal structure it replaces titanium
and iron (Rankama and Samama 1952). Va-
nadium may also replace aluminium, but not in
feldspars. In igneous rocks vanadium replaces
iron and possibly also titanium in biotites as
well as in some members of the so-called heavy
mineral group. Vanadium contents from 30 to
240 ppm have been found in biotites of Swedish
origin (ANNERSTEN and Exstrom 1971). In the
material studied by Lovering (1969) the median
vanadium content of biotites from granitic rocks
was about 200 ppm. The vanadium content of
soil ’mica” estimated from the regression coef-
ficient is higher than the usual contents in rock
biotites. According to the partial regression coef-
ficient the effects of a one per cent unit of “’chlo-
rite” and ’vermiculite” are still higher.

Zinc. The average total zinc content of
78 ppm in the heavy clay group is almost four
times as high than that of the sand soils (Ta-
ble 21). Other fine textured soils also seem to be
rich in zinc compared with the coarser textured
soil groups. The correlation coefficient be-
tween the contents of total zinc and clay was
r = O.s2*** (Table 22). The zinc content was
more closely correlated with the percentage of
fine clay than with the percentage of coarse clay.

Of the determined mineral constituents ’mica’
was best correlated with total zinc. According
to the multiple regression analysis, in addition
to mica”, ”chlorite” significantly explains the
variation in the zinc content (Table 23).

The role of *’mica” in contributing to soil total
zinc is understandable, since biotite together
with amphiboles and pyroxenes are the main
zinc-containing minerals in igneous rocks (Ran-
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kaMa and SamamMA 1952). ANNERSTEN and Ex-
sTROM (1971) found zinc contents from 84 to
748 ppm in Swedish biotites. Although zinc may
also replace magnesium as well as ferrous iron
in silicate minerals, the zinc content of magne-
sium rich mica is lower than that of biotite
(ErRAMETSA 1945). The low contribution of mag-
nesium rich minerals to total zinc is confirmed
also by the fact that in this study *’vermiculite”
has no significant effect on the zinc content.
However, *chlorite’ increases the zinc content
at a similar rate to ”’mica”.

4.3 Potassium fixation

The average amounts of fixed potassium, de-
termined by adding 25 ml of 0.0t N¥KCI to
10 g soil (corresponding to 97.-mg K/100g
soil), range from 2.5 — 61.9 mg/100 g soil among
different textural classes (Table 24). Accord-
ing to the data, fixation increases with increasing
fineness of samples. The sandy clay samples in
the present material have a relatively low
fixation capacity compared with heavy and
silty clay soils. The silt soils have a relatively
high fixation capacity, and also finer finesand
soils fix potassium to a considerable degree.

The correlation coefficient between the amount
of fixed potassium and the percentage of clay
was r = Q.78***  The respective correlation
coefficients with fine and coarse clay fractions
were r = 0.70%%* and r = 0.77%*%,

The amount of potassium fixed with drying,
determined in connection with the estimation of
?vermiculite”, was much higher than the amount
of potassium fixed without drying (Table 24).

A relatively close positive correlation (r =
0.s2***) was found between the pH and fixa-
tion of potassium without drying. The correlation
coefficient between the percentage of *’ver-
miculite” and potassium fixation (r = 0.s5%**)
was of a similar order. As well as ”vermiculite”
(X,) and pH (X3), exchangeable potassium (X,
mef100 g) and the percentage of clay (X;) had
a significant effect on the amount of fixed
potassium (X;, mg/100 g soil). The regression
equation was as follows:



Sand
2.5+ 0.7

Fine-
sand
314 1le

Finer
finesand
15.4 + 9.1

18 + 12

Coarser
silt
338 + 163
108 -+ 36

Finer
silt
33.2 4 153
102 + 72

Sandy
27.6 & 155
144 + 84

Silty
clay
619+ 112
385 4- 78

Heavy
clay
524 4- 108

Table 24. Fixation of potassium, mg/100 g soil, without and with drying. Means of soil textural classes with confidence limits at the 95 9, level.
60.5 4- 16.0

K fixed from an addition of
K fixed when saturated with K

97.7 mg/100 g of soil

Without drying:
With drying:

X1 = —56.1 + 4.0 Xg + 14.3 X —39.6 X4 4 05 X5
R = Q.p2¥** Bx, =05 Pxy;=>0s8
S =99 Bx, =042 Bx;=0s

The clay percentage appears to be very im-
portant in determining potassium fixation. The
significance of “vermiculite” in the fixation of
potassium is clear since **vermiculite” was esti-
mated from the amount of potassium fixed when
samples were dried. The effects of pH and
exchangeable potassium relative to the effects
of ”vermiculite” appear to be high. The four
variables together explained 85 %, of the varia-
tion in potassium fixation. Elimination of the
effect of clay percentage decreased the propor-
tion of variation explained to 64 9%,. When the
effects of other significant variables were eli-
minated ’vermiculite’ alone explained only
21 9%, of the variation in potassium fixation.

Although amorphous forms of silica and alu-
mina have been reported to fix potassium (van
Reeuwrjk and DE ViiLiers 1968, Raman and
MorTLAND 1969), the multiple regression ana-
lysis did not indicate that ’amorphous material”
had a significant effect on K fixation.

The effect of ”’vermiculite” on potassium fixa-
tion is obvious, but the effect of pH is not so
readily understandable. The raising of soil pH
by liming has been found to result in increased
fixation of potassium (WikLANDER and KOUTLER-
ANDERssoN 1959). On the other hand certain
studies have indicated that absorption of alu-
minium or hydroxy-aluminium may decrease
the sorption of cations and also influence the
fixation of potassium by restricting collapse of
the layers needed to effect fixation (Cook and
HurcuesoN 1960, ScuwerTMANN and Poritz
1964, ScHWERTMANN 1966).

The sandy clay samples of the present ma-
terial fix relatively little potassium compared
with samples of other clay or silt soils. Char-
acteristic of the sandy clay soils in the present
material is a lower pH than in other clay soils.
Also the contents of free iron and chlorite”
are relatively high in the sandy clay samples.

High levels of exchangeable potassium in the
soil indicate a good supply of potassium. In such
a soil potassium fixation is not likely to occur.

219



) 4.4 Acid extractable nomexchangeable potassium and
% . o0& e magnesium
2| 3| I

- -8 I« Extractable nonexchangeable
E potassium. The data in Table 25 indicate
hs that I V HCI extracts higher quantities of potas-
; \ R N sium from heavy clay soil samples than from
E éé j ;';' ;,H HH samples of other textural classes. The silt soils
8 . o are relatively rich in acid extractable nonex-
E changeable potassium whereas low quantities
ug«':: - 8 9 are extracted from sand soils. The mean values
_; gg TH:—I:—[ '_"H :—I of extractable nonexchangeable potassium for
- et g0 Qn the soil textural classes in Table 25 are lower
g - - than mean values for a larger material of subsoil
S samples of Finnish origin (KarLa 1967).

E . o o~ o Extractable nonexchangeable potassium as a
j;"j §-"é T’HTHTH :’_[:_] percentage of total potassium is on average 1 9,
= |° s=~ 3 3 in the sand soil group and 14 %, in heavy clay
E soils, although the total potassium contents of
Z - - these textural classes are almost identical in the
S| . S =z material under study (Table 14).

E éﬁ “\H ;’H j: ;H ;’H Extractable nonexchangeable potassium cal-
4 g °© 3 culated as the percentage of the amount of po-
g tassium in “mica” ranges on average from 19
-"é - - to 38 %, in the various soil groups (Table 25).
AET :?—I:I : TH Because of large internal variation no differ-
£ | 8% RO NF ences are, however, evident between various
%) A textural classes. No significant correlation was
g _ observed between extractable nonexchangeable
. S @, K expressed as a percentage of ’mica’” K and
5 ';?g H-HH H-H percentage of clay, indicating that the potas-
3 oS =¥ sium in ”mica” differing in particle size may
g be extractable to the same degree.

g The correlation between extractable nonex-
:‘i - Ran 8w changeable K and percentage of clay was close,
2 &3 ;’ji‘[;{j ;‘H;QH r = 0.87***, According to multiple regression
E Al 8¥ analysis, as well as the percentage of clay (X,),
M the percentage of “mica” (X,) was significant
= in explaining the variation in the content of
§D extractable nonexchangeable potassium (X,
E mg/100 g soil). The regression equation ob-
& tained was as follows:

g M o

Z LN X1 = 34 + 25 Xz + 91 X3

10 oo 'S 0§ R = Q.gy%*%* = 0.4

%' 55&25 s éDE S = 67 g§§=0.ss

B g ?o\%; §o§§ Elimination of the effect of clay in the above

S § equation reduced the proportion of variation
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explained from 81 9, to 27 %,. After elimina-
tion of the effect of “mica” the clay percentage
alone explained 23 9, of the variation in the
amount of extractable nonexchangeable potas-
sium. The K feldspar’ did not account signif-
icantly for extractable nonexchangeable potas-
sium. Experiments in which powdered minerals
have been extracted with acid also indicate that
K feldspar is of little importance in explaining
extractable, nonexchangeable potassium. STAHL-
BERG (1960 a) extracted various minerals with
boiling 1 V HCI for 10 minutes, and found that
14 9, of the total K of a K feldspar of clay tex-
ture was released. Of the total K of clay sized bio-
tite 99 9, was brought into solution. Clay sized
muscovite released 35 9, of its total potassium
in the same treatment and 46 9, of the total
K of a fine silt sized phlogopite was extracted.

The values for extractable nonexchangeable
potassium, expressed as percentages of ’mica’ K
(Table 25) are low when compared with amounts
extracted from clay sized biotite by 1 N HCI
(STAHLBERG 1960 a). The percentage amounts
are even lower than those extracted from phlo-
gopite and muscovite. The methods used are
not, however, quite comparable.

Extractable nonexchangeable
magnesium. As with potassium, high
amounts of nonexchangeable magnesium are ex-
tracted from fine textured soils (Table 25). The
correlation of the content of extractable non-
exchangeable magnesium is closer, r = Q.97%%*,
than that of extractable potassium with the
percentage of clay.

The extractable nonexchangeable magnesium
expressed as a percentage of total magnesium
is higher, ranging from 16 to 43 9, than the
corresponding potassium percentage (Table 25).
The extractable magnesium percentage is high
compared even with nonexchangeable extract-
able potassium expressed as a percentage of
”mica’ potassium.

Multiple regression analyses showed that per-
centages of “mica” (X;), ”chlorite” (X,) and
?vermiculite” (X;) as well as the percentage of
clay (X,) significantly explained the variation
in the amount of extractable magnesium (X,

mg/100 g soil). The equation was as follows:

X1 =096 +42Xs + 7.3X3 + 11.3 Xy + 208 X5

R = 0or*** By, =043 B 3xxq =02
S =671 Bx, =01 Bx;=02

Elimination of the effect of clay reduced the
proportion of variation explained bif the above
equation from 94 9%, to 34 9,. Also the B-coef-
ficients indicate that the percentage of clay is
an important factor determining the extract-
ability of soil magnesium.

A possible explanation for the relatively large
partial regression coefficient of ”’vermiculite’” on
acid extractable magnesium compared with
that of ”mica” is that the vermiculite in the
samples studied has formed from magnesium rich
types of trioctahedral mica, as has been found
to be the case generally (FosTer 1962), rather
than from iron rich types.

The correlation of ’mica’ with acid extract-
able magnesium is easily understood, since
trioctahedral types of mica contain magnesium
and their crystal structure is relatively easily
decomposed by acid. According to studies of
STAHLBERG (1960 b), 13—45 mg Mg/g, depend-
ing on particle size, was extracted by 1 & HCI
from one gram of biotite containing 4.8 %, Mg
during a 10 minute boiling. The same treatment
extracted 28—87 mg Mg/g from a phlogopite
with 15.7 % Mg. The regression coefficient in-
dicates that magnesium is extracted from *’mica’
at a rate of 7.3 mg/g in the material analyzed.
This rate is low compared with extraction rates
from biotite and phlogopite. This result suggests
that the “mica’® component in the samples
studied composed also of types which do not
contain magnesium. '

The effect of chlorite” on acid extractable
magnesium was expected, as the presence of
primary chlorite was shown by X-ray analyses,
and magnesium rich types of primary chlorite
are common. An effect of ”’chlorite” on total
magnesium was also revealed by the multiple
regression analysis. Ghlorite is readily destroyed
by acid (WikLANDER and LoTse 1966) and thus
the elements in its crystal structures are released.

”Vermiculite”, *mica’ and *chlorite” were
the mineral components estimated which to-
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gether with the percentage of clay were sig-
nificant in explaining the variation in acid ex-
tractable magnesium. The same minerals were
also significant in explaining the variation in the
content of total magnesium. However, accord-
ing to the B-coefficients the order of importance
was different so that the effect of ’vermiculite”
on acid extractable magnesium was larger than
that of ”chlorite’. This result suggests that ’ver-
miculite” is more completely destroyed by the
extraction treatment than ’chlorite”. This is
understandable, since vermiculite as an expand-
ing lattice mineral has a larger surface area open
to attack by acid than have mica and chlorite.

4.5 Basic exchangeable cations

Basic exchangeable cations were extracted by
centrifuging with neutral 1 /' ammonium ace-
tate. Results of the determinations are given
in Table 26. The mean content of exchangeable
calcium ranges from 0.1 me/100 g in sand soils
to 14.7 me/100 g in heavy clay soils of the pres-
ent material. The content of exchangeable
magnesium increases from sand to heavy clay
soils at a rate similar to that of exchangeable
calcium. Similarly high contents of exchange-
able magnesium have been determined in the
deeper layers of Finnish soils also previously
(Aarnio 1942, MarTTILA 1965).

The correlation coefficients between the per-
centages of various clay fractions and the con-
tents of exchangeable bases appear in the foll-
owing:

Clay fraction Correlation coefficients

Multiple regression analysis was used to study
the association of mineral components analyzed
with the variation in amounts of exchangeable
cations. As well as the clay percentage (X,), the
”vermiculite” percentage (Xg) was significant
in explaining variation in the amount of ex-
changeable Ca and Mg. The regression equation
for exchangeable Ca (X;, me/l100g) was as
follows:

X1 = 0.63 + 0.10 X2 + 0.63 X3

R = Q.g5***

B x, = 0.5
S = l.ss

B xg =0

The percentages of clay and »vermiculite”
explained together 90 9, of the variation in the
content of exchangeable calcium. The B-coef-
ficients indicate that the clay content appears to
be more important than the content of “ver-
miculite” in explaining the variation in ex-
changeable calcium. '

The multiple regression equation between
the content of exchangeable magnesium (X,
me/100 g) and contents of clay (X,) and ’ver-
miculite” (Xj) was as follows:

Xy = —0.38 + 0.05 X3 + l.a7 X3
R = O.gs*** 8 Xo = 0.27
S = lus BXg=0m

In contrast to the case with exchangeable
calcium, ”vermiculite” appears to be more im-
portant than clay in explaining the variation in
the content of exchangeable magnesium. To-
gether clay and “’vermiculite” explained 92 %,
of the variation in the content of exchangeable
magnesium. After elimination of the effect of
clay, “vermiculite”” alone explained 56 9%, of

Exch.Ca Exch.Mg Exch.Na Exch.X the variation.
<2 pm  0.9s%*%  Qp¥*% Qg ¥*¥ gkt The remarkably high correlation of *ver-
0.8 — 2 pm  Q.ss***  Qua**  Qag¥**  (ggk** e qes sy s y g .
< 0.2 um  Osp**%*  Qgg*** (g*%% (g++ miculite” with exchangeable magnesium may
Table 26. Basic exchangeable cations (me/100 g soil) in soil samples.
Means of soil textural classes with confidence limits at the 95 %, level.
Heavy Silty Sandy Finer Coarser Finer Fine-
clay clay clay silt silt finesand sand Sand

Ca 147+ 2.2 884 25 5.9 424 S5 1 4.5+ 1.5 ls 4 lo lad-1a 014 0a
Mg 155+ 35 1034l 41425 334 1as 2.8+ la lod 1a 0.2 - 0.2 —
K 0.7+ 0.0 0.25 4= O.10 039+ 016 Q.20+ 003 0.7+ 004 0204 006 0.8 4 0.23  0.03 4 0.1
Na 0.3 3 0.07 037 4 0.0 0.21 4+ 0.1 0.16 &~ 0.03 0.15 -+ 0.0¢ 0.08 4+ 0.04 Q.02 4= O.03 0.02 & 0.01
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be related to the fact that vermiculite has been
found to adsorb magnesium preferentially to.
calcium (PETERSON et al. 1965). The selectivity
of vermiculite of geological origin for magnesium
has been found to be especially strong when the
degree of Mg saturation exceeds about 30 to
40 9%, In the present material the average Mg
saturation percentage was 44 and 46 9, of the
cation-exchange capacity determined at pH 7
in heavy and silty clay soils, respectively. The
selectivity of vermiculite for magnesium is ex-
plained by the stability of the Mg-H,O inter-
layer compared with -that of the Ca-H,O in-
terlayer (PETERsON et al. 1965). '

- None of the mineral components analyzed
was significant in explaining the variation in
the content of exchangeable potassium (X,
me/100 g) when the percentage of clay was also
taken into ‘account. When the percentage of
clay was replaced by cation exchange capacity
(X,, me/100g) then also the percentage of ’mica”
(X,) proved to be of significance and the equa-
tion was as follows:

Xy = — 0.059 + 0.021 Xg + 0.010 X3
R = 0so*** fx, =065
S =0 B xq = 0.2

The relationship of “mica” with soil ex-
changeable potassium implied by the equation
above is readily explicable, as mica minerals
contain a significant portion of the soil potas-
sium in a form which is relatively easily released
as exchangeable.

Of the mineral contents determined, those of
*chlorite” (X,) and “vermiculite” (X;) were
significant in explaining the variation in the
content of exchangeable sodium (X, me/100 g)
and the percentage of clay did not appear to
have any additional effects:

X3 = — 0.005 + 0.000 Xgo -}- 0.040 X3

R = Oga*** By, = 0.2
S = 0.061 B xg = 0.8

Possibly the high exchange capacity of *’ver-
miculite’”” is important in determining the
amount of exchangeable sodium in the samples
studied. ”’Na feldspar’ did not appear to have

any significant effect on the content of ex-
changeable sodium.

4.6 Cation-exchange capacity

The cation-exchange capacities determined by
the three methods used are shown in Table 27.
The exchange capacity determined by ammo-
nium acetate extraction (CECje) is the sum
of Ca, Mg, K and Na exchangeable in 1N
neutral ammonium acetate and titratable acidity
determined by BRowN’s (1943) method at pH 7.
The exchange capacities determined by cal-
cium (CECgs) and potassium (CECk) satura-
tion and subsequent displacement with mag-
nesium and ammonium respectively, were ob-
tained in connection with the determination of
?vermiculite”. '

The results indicate that the exchange capa-
city depends closely on the texture of samples.
In the group of heavy clay soils CECjy ranged
from 28.1 to 42.5 me/100 g. The exchange capa-
cities of silty and sandy clays are considerably
lower than those of heavy clays. The two silt
soil groups do not differ in their exchange
capacities. The finesand soil group contained one
sample having a CECj value of 13.3 me/100 g,
due to a high amount of titratable acidity. Also
according to the other methods this sample
had a relatively high exchange capacity.

The CECx values represent the exchange
capacity of the outer surfaces of soil particles.
This exchange capacity is only slightly over
half of the CECg, values in the clay soil groups.
The difference between CECgy and CECg di-
minishes in the coarser textured soils.

The dependence of exchange capacity values
upon the percentage of clay is close. This is
shown by the following correlation coefficients:

Clay fraction Correlation coefficients

CEC, GECq, CECk

<2 wm 0.96% #% 0.9 % * Q.93 #*
0.2—2 pm 0.g0% #% Q.89 %% 0.g7% %%

< 0.2 pm 0.94% %% 0.9a% *¥ Q.1 ¥ %%

Of the mineral components analyzed ’ver-
miculite” proved to be more closely correlated
than the others with CECae and CECg, values.
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The regression coefficients were r = Q.ga%**

.

- o223 and r = 0.96%**, respectively. The CECg val-

& HHH ues were correlated closely with “amorphous
o = material”’, r = 0.g9%**,

According to multiple regression analysis the

.o content of organic carbon had a significant con-

. o N e tribution to the exchange capacity. The effects

28 E’i.j;tl of the percentages of clay and organic carbon

were eliminated when the effect of mineral
components to the exchange capacities was
@ e studied by regression analysis with the soil
sample material. In case of fractions of which
organic matter was removed by oxidation with
H,0, such an elimination was not made.
The regression coefficients obtained for *’ver-

Finer
finesand
+
+
4

5 NP miculite’”, “smectite’” and “amorphous ma-

£% :lj 'NH'E terial” are evidently related to the exchange

S J . . . . .
sSoe capacity values used in connection of their esti-

mation (Table 28). Still, however, the propor-

o e tion of variation accounted for in the soil sample

g :—IC-\'H'—_‘H material is relatively low.

&P a e e Particle size appears to have a clear effect on
Rar

the regression coefficients of amorphous ma-
terial”. The value obtained with fine clay is

Eoa close to that of ”smectite”, indicating a pos-
*g_% HHH sible relationship of the components estimated
#° x; 5 & as “’smectite” and amorphous material” as
suggested by Arexiapes and Jackson (1966).
Raman and MorTranp (1969) have reported ex-
oo o change capacities varying from 66—95 me/100 g
§ -E 'fjf'ﬂ for amorphous material of podzols. AoMINE and
882 Jackson (1959) have found more variable ex-
change capacities for allophanes of various
® o o origin, depending on the pretreatments.
Ey ?'H:,-i:-l The regression coefficients suggest that the
z° 233 effect of “’chlorite’” on the exchange capacity
) e =

of soils is much smaller than that of *’vermic-
ulite”, “smectite” or ’’amorphous material”,
Generally exchange capacity of chlorite ranges
within rather wide limits from 10 to 40 me/100 g

Table 27. Cation-exchange capacities (me/100 g) of soils determined by three methods. Means of soil textural classes with confidence limits at the 95 % level

~3R depending on the particle size (Grim 1953). Also
o/\ . . 3 .
8 {518 & in the present material the effect of particle size
S . - .
*gg o8 on the exchange capacity of “chlorite” is clear.
ce8s
=58 RS
=] g o ©
EE3H
Ex 8y
E%¢”
< UM
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Table 28. Regression coefficients (b) with confidence limits at the 95 9, level, B-coefficients and coefficients
of determination (d) for the relationship between cation exchange capacity and mineral components.

**Chlorite’” **Vermiculite’” **Smectite’’ »* Amorphous material’’
b [} b [} b B b 8
CECac
Soil — — l.6s 4 O.48 0.6 0.92 4= 0.47 0.47 0.83 4= 0.50 0.31 0.6a
CECCa,
Fractions
Fine clay — —_— 1.45 4 0.10 0.92 0.96 4 0.08 0.50 0.92 4- 013 0.63 0.98
Coarse clay 0.19 + 0.16 0.18 1.55 4 O.26 0.88 —_ —_ 0.40 - O.34 0.18 0.85
Silt 0.08 4= 0.06 0.15 1.62 - O.21 0.87 —_ — —_— — 0.03
Soil — —_ l.98 + O.33 0.77 0.94 4 O.33 0.22 0.63 4 0.32 0.37 0.82
CECg
Fractions
Fine clay — — — 0.95 + 0O.08 l.s 0.1 4 0.1 l.oz 0.89
Coarse clay _ 0as 4 0as 0.37 — — — — 0.40 4 0.34 0.36 0.31
Silt 0.07 & 0.05 — — — — — — — 0.19
Soil — — 0.s2 + O.33 0.27 0.9 4- 0.33 0.59 0.63 &+ 0.32 0.40 0.50

5. Discussion

Since weathering has altered the least stable
soil minerals, the identification of mineral com-
ponents is an important prerequisite to their
estimation. This is especially the case when esti-
mation is based on the results of chemical anal-
yses. However, the variability in the properties
of minerals formed in soil and even of minerals
of primary origin makes their estimation dif-
ficult. The determination of very stable minerals
such as quartz can be fairly accurate, as was
indicated by the relatively high correlation coef-
ficients between results obtained by various
methods. On the other hand, although the
relatively soft layer lattice minerals are stable
as fine grained material, (JacksoN et al. 1952),
they may still be very variable in their chemical
composition.

In fine fractions the crystallinity of minerals
is generally poorer than in coarse fractions
(FieLpes and Furkert 1966). Therefore in fine
fractions the differences in properties of minerals
are not sharp, but gradually change between
different categories (RoBERsON and Jonas 1965).
Thus, soil smectites have been found to resemble
vermiculite in many respects (SCHWERTMANN
1962). They have a higher contractability on
potassium treatment and higher surface charge
density than so called standard smectites. In

addition soil smectites are poorly crystallized,
and occur as finer grained particles than speci-
men smectites. Also the temperature of dehydrox-
ylation of soil smectites is much lower than
that of smectites of hydrothermal origin.
ScHEFFER et al. (1961 a) discussed the swell-
ing properties of expanding lattice minerals and
they identified several stages by means of certain
tests. In the present study the only test for ex-
panding lattice minerals was glycerol solvation
of magnesium saturated samples. This method
is considered to be effective for distinquishing
between vermiculite and smectites (HIARWARD
et al. 1969). However, since the properties of
the vermiculite and smectite occurring in soils
overlap, the differentiation between these two
groups is difficult. Also the differences in ex-
pansion resulting from various pretreatments
and from saturation of the interlayer space with
different ions show that the methods of testing
for smectites are subject to interference (BEu-
TELSPACHER and Fieprer 1963, GJems 1963).
The pronounced tendency of some fine clay
fractions in the present study to swell was taken
to indicate the presence of smectite occurring
as mixed layers. The estimation of smectites”,
based on exchange capacity, led to contents
ranging from 12 to 24 %, in the fine clay frac-
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tions studied. Amounts of this order should be
clearly identifiable in X-ray analyses assuming
that the smectite occurs as well defined crystals.

Small occurences of montmorillonite have
been found in Finnish rocks as weathering prod-
ucts in veins where different rock types adjoin
(Nunt and Uusivoka 1971). The amount of
material in such deposits may, however, be
..small when compared with other rock material
~ ground during the Glacial period. The inclusion
of material from Preglacial sediments and
weathering crusts in present-day clays has pos-
_. sibly. a larger importance, (Corrint 1950, Ro-

SENQVIST 1961).

" Intense mixing with other minerals has, how-
ever, diminished the possibilities of identifying
materials of Preglacial origin in present-day soils.
Weathering processes may also have changed
the character of the minerals, so that only after
drastic treatments are the original properties
evident, as is the case with montmorillonite in
the B horizons of podzols (WIKLANDER and
ALEKSANDROVIC 1969).

The weathering of mica to smectite may not
occur under ‘the present climatic conditions
prevailing in Finland (Ismair 1970). In the very
acid and intense leaching environment in the
A, horizon of Scandinavian podzols, however,
a swelling lattice mineral characterized as mont-
morillonite has been detected (Gjems 1960, Wik-
LANDER and ALEKSANDROVIC 1969).

The possibility that even vermiculite, which
has a high interlayer charge, expands when the
particle size becomes very small has been sug-
gested by Jonas and Roserson (1960). They
concluded that the force binding the layers is
a function of the charge density of interlayer
surfaces and the surface area of the particles.
When the particle size decreases then also the
binding force decreases and the glycerol is able
to penetrate the interlayer space and cause the
layers of vermiculite to expand. A more thorough
investigation is needed to throw light upon the
nature of expanding lattices and to study the
conditions under which expansion occurs.

Because of the diffuseness of limits between
mineral categories, the NaOH used to estimate
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the content of ’amorphous material” may have
dissolved also fine grained smectitic minerals.
The use of KOH instead of NaOH would keep
the layers of expanding minerals collapsed and
thus reduce the dissolution of the crystal lattice -
(BRmvER and Jackson 1969). The extraction of
interlayer material, which are determined as -
?chlorite”, would also be reduced. '

The estimation of *vermiculite” was based on
potassium fixed when the samples were dried.
Also smectite is known to fix potassium when
it is dried (WEaveRr 1958). Therefore it may be
possible that smectite has contributed to the
?vermiculite” values. :

The occurence of different types of micas
with varying contents of potassium makes the
estimation of mica somewhat arbitrary. In ad-
dition the various weathering products of mica
increase the error of the determinations. Ac-
cording to Raman and Jackson (1966), however,
the non-expanded layers in mixed layer minerals
have changed little. WEAVER (1965) estimated
that the K content of the mica layers in illites
is 7.5—8.3 %, Although the 7.5 %, average potas-
sium content used in the estimation of “’mica”
takes into account some lowering in the content
of potassium in mica with decreasing particle
size (RaMAN and Jackson 1966), the use of a
special conversion factor for each fraction would
possibly be justified (STAHLBERG 1960 a). How-
ever, the results obtained when estimations of
the ”mica’ content in fine clay were based on
potassium contents of 7.0 and 6.5 9, were no bet-
ter than when a 7.5 9, content was used. Also the
determination of a factor for each fraction may
be difficult because soil micas may vary in their
potassium content from sample to sample.

The presence of primary and secondary types
of chlorite in the samples was indicated by
DTA, the X-ray diffractograms and also by
the multiple regression analyses used to study
the relationship between minerals and the
chemical properties of samples. The variable
composition of these chlorites makes the esti-
mation of this mineral group difficult. In addi-
tion, organic matter in the samples may increase
the water loss upon which the analysis of *’chlo-



rite” is based. A correction would improve the
»chlorite” estimates obtained for samples rich
in organic matter. '

The instability of fine grained feldspars
(Tamm 1929) impairs the accuracy of their
estimation. Considerable sorption of sodium by
the sample during the Na,S,0, -fusion appar-
ently causes large errors in the results. Therefore
*Na feldspar’ estimates for the 0.2—2 pm frac-
tion are considered to be only approximate
(KieLy and JacksonN 1964). Better ”Na feld-
spar” estimates could possibly be obtained by
a fusion-dissolution treatment not involving
sodium,

It is thus clear that the chemical methods
used in this study to determine the mineral
composition of soil samples are not very accurate.
However, none of the methods generally used
in soil mineral analysis are very satisfactory
(Konta 1963, van der MAReL 1966, GjEMs
1967). The estimation of soil minerals in samples
composed of several more or less weathered
minerals is difficult. : .

The regression analyses indicate that ’mica”
influences many of the chemical properties of
Finnish soils. The trioctahedral type rich in
iron and magnesium is apparently more com-
mon than the dioctahedral type, as is the case
also in Finnish rocks (RankaMa and SaHAMA
1952). ”Mica’ appears to be the main mineral
giving rise to the high content of total magne-
sium” in the soils studied. Trioctahedral mica
has been put forward also earlier as the source
of the relatively high magnesium content of Finn-
ish soils (Frosterus 1910, Aarnio 1942). The
results of the present study indicate that ’mica’
contributes significantly to the total contents
of those trace elements: chromium, cobalt, cop-
per, nickel, vanadium and zinc, whose ions
are of the same size as magnesium and ferrous
ions.

Regression analyses indicated also that *’mica”
affects the contents of exchangeable potassium
and nonexchangeable acid extractable potas-
sium in soil. Acid extractable amounts of potas-
sium expressed as percentages of ’mica’ potas-
sium imply that potassium is not extracted

from soil to the same extent as from freshly
ground biotite (STAHLBERG 1960 a). This sug-

gests the presence of dioctahedral mica or mus-

covite.
Multiple regression analyses indicated that
?chlorite’’ may contribute to the total contents

‘of magnesium and iron. In diffractograms of

magnesium rich chlorites the ratio of intensities
of the 7 and 14 A peaks is about | to 1 compared
with 3 to 1 in iron rich chlorites (DrosTE 1956).
Since the. 14 A peak of the diffractograms was
weak compared with the 7 A peak, the chlorite
in the samples studied is probably of the iron
rich type. The temperature of dehydroxyla-
tion of iron rich chlorites is between 500 and
600° C whereas the magnesium rich types de-
hydroxylate above 600° C (PriLies 1963). The
fact that the dehydroxylation peak of all the
soil samples occured at below 600° G confirms
the importance of the iron rich types. The
relatively larger effect of *’chlorite’ upon total
iron than upon total magnesium indicated by
the regression analysés points in the same direc-
tion.

Regression analyses suggested that “’chlorite”
contributes to the total contents of chromium,
cobalt, nickel, vanadium and zinc in soils. The
implied contribution of “chlorite’ to extract-
able nonexchangeable magnesium is consistent
with the fact that chlorite is easily decomposed
by acid treatment.

According to multiple regression analyses,
?yermiculite’ contains relatively high amounts
not only of magnesium but also of iron, as has
been found also elsewhere (KErns and MANKIN
1967, Barsaap and Kisak 1969). The analyses
indicated that ”vermiculite” contributes espe-
cially to the total content of copper.

Characteristic of amorphous material is a
large surface area, which causes a high chemical
reactivity (van OrpuEN 1971). Thus although
amorphous material” occurs in Finnish soils
in relatively low amounts, it may have an
important effect upon soil properties. The’amor-
phous material” estimated did not appear to
be involved in the potassium fixation although
in some soils such a relationship has been found
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(van REEuwrjk and DE ViLLiers 1968, Raman
and MorTLAND 1969).

K feldspar is the main source of total potas-
sium in coarse textured soils. Regression analyses

did not, however, indicate that ”K feldspar”
has any effect upon the soil chemical properties
studied.

6. Summary

The purpose of the present study was to in-
vestigate the mineral composition of Finnish
soils and of specific particle size fractions. The
dependence of some soil chemical properties
on mineral composition was also examined. The
sample material for the study was collected
mostly from Southern Finland and it contains
56 subsoil samples mainly from cultivated areas
and from depths varying between 5 and 80 cm.

Minerals in particle size frac-
tions. To study the mineral composition of
the fractions, samples were separated into fine
clay (< 0.2 um), coarse clay (0.e—2 pm), silt
(2—20 pm), finer finesand (20—60 pum), fine-
sand (60—200 um) and sand (200—2 000 pm)
fractions with centrifugal and gravity sedimenta-
tion and sieving. Qualitative mineral analyses
of fractions were carried out using differential
thermal analysis (DTA) and X-ray diffraction
analysis. For X-ray diffraction, slides orientated
for analysis were prepared from Mg and K
saturated samples. Glycerol and heat treatments
were used to facilitate mineral identification.

These methods enabled the identification of
mica, chlorite, vermiculite and smectite in
fine clay. X-ray diffractograms of the fine clay
of clay soils showed sharper peaks than those
of silty soil separates. DTA and X-ray analyses
indicated that the mica in fine clay was trioc-
tahedral rather than dioctahedral. Chlorite was
of the easily dehydrating or clay chlorite type.
Smectite occurred most probably as a mixed
layer mineral.

As well as mica, chlorite and vermiculite, also
potassium and plagioclase feldspars were identi-
fied along with quartz in the coarse clay frac-
tion. No indication of the presence of smectite
in coarse clay was found. In fractions coarser
than clay the same minerals were present, and
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in addition small amounts of amphibole and
pyroxene minerals were detected.

The contents of mineral components in frac-
tions were estimated by chemical methods. The
conversion factors needed for calculating the
contents of “’feldspars” and “’quartz’” were ob-
tained using particle size fractions prepared
from minerals isolated from rocks and sand soils.

”Mica” was the main component in fine clay.
Its content was on average 31 %, of the fraction.
?’Chlorite” comprised on average 21 9, of fine
clay and “’amorphous material” 22 %,. The con-
tent of “’vermiculite’ was on average 10 9, and
that of smectite” 19 9,.

The fine clay separated from fine textured
soils showed a tendency to have high “’mica’,
“smectite’” and *’vermiculite” contents whereas
that separated from silt soils tended to be high
in “chlorite” and amorphous material”.

In coarse clay the sum of contents of *’feld-
spars” and quartz” was almost one half of
the total fraction. The contents of ’amorphous
material” and ’’chlorite” were about half or
less of their contents in fine clay while there
was no difference in the contents of ’mica’
between the two clay fractions.

In the silt fraction, the sum of contents of
’feldspars” and ’quartz’ was on average nearly
80 %. Of the layer lattice minerals, ’’mica”
was most abundant followed by *’chlorite”.

In the finer finesand, finesand and sand frac-
tions, the content of >’feldspars” was almost
the same as in the silt fraction except for ’Ca
feldspar”, whose maximum content occurred in
the finer finesand fraction. The content of
”quartz”, on the other hand, increased with
increasing particle size from the finer finesand
to the finesand fraction and remained at that
level in the sand fraction.



Minerals in the soils. The mineral
composition of the soil was better assessed by
calculating the mineral components using
weighted average conversion factors and the
results of chemical analysis on each sample than
by basing the calculations on individual or
average mineral compositions of fractions.

?”Mica”, »chlorite”, vermiculite”, ’smec-
tite” and amorphous material” made up on
average about 60 9%, of the heavy clay soils
whereas feldspars’” and quartz” formed the
major portion of coarser textured soils. Differ-
ences in mineral composition of the soils were
closely dependent on the texture, and regional
differences in the composition of fractions were
generally small.

Correlation of mineral
tents with chemical properties.

Multiple regression analyses indicated that the

COon-

total magnesium and iron in soils correlates
closely with the contents of mica”, *’chlorite”
and “vermiculite’’. These minerals also ap-
- peared to influence the total contents of chro-
mium, cobalt, copper, nickel, vanadium and
zinc in samples.

Potassium fixation by soils in water suspension
was accounted for by contents of clay, ver-
miculite”, pH and the level of exchangeable
potassium. ’Mica” was significant in explain-
ing the amount of acid extractable potassium;
”K feldspar” did not appear to have any ad-
ditional effect. There were indications that >’ver-
miculite’” is a more important source of acid
extractable nonexchangeable magnesium than
»mica® of chlorite”, which nevertheless con-

tributed to the amounts extracted.

Of the mineral components analyzed, *’ver-
miculite”, possibly owing to its high exchange
capacity, was closest correlated with the contents
of exchangeable cations. However, clay was
more important than any mineral constituent in
explaining variation in contents of exchangeable
cations.
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SELOSTUS

Pobjamaaniytteiden mineraalikoostumuksesta ja sen suhteesta lajitekoostu-
mukseen seki eriisiin kemiallisiin ominaisuuksiin

Jouko SiproLa

Maatalouden tutkimuskeskus

Tutkimuksen tarkoituksena on ollut selvittid erdiden
suomalaisten pohjamaiden ja niistd erotettujen lajittei-
den mineraalikoostumusta. My6s tutkittiin  erdiden
maan kemiallisten ominaisuuksien riippuvuutta mine-
raalikoostumuksesta. Néiyteaineisto koostui 56:sta 5—
80 cm:n syvyydestd otetusta pohjamaaniytteests, jotka
oli keritty p#idasiassa Eteld-Suomesta ja yleensi viljel-
lyiltd mailta.

Lajitteiden mineraalikoostumuksen tutkimiseksi nayt-
teistd erotettiin hieno saves (< 0.z um), karkea saves
(0.2—2 pm), hiesu (2—20 pm), hieno hieta (20—60 pm),
karkea hieta (60—200 pm) seké hiekka (200—2 000 pm).
Termistd analyysid ja rontgenmenetelmii kaytettiin mi-
neraalilajien tunnistamiseen.

Hienosta saveksesta tunnistettiin kiille, kloriitti, vermi-
kuliitti ja smektiitti. Kiille ndytti olevan lihinni triok-
taedrista ja kloriitti savikloriittia. Smektiitti esiintyi to-
denn#koisesti seoshilamineraalina. Karkeassa saveksessa
todettiin kiilteen, kloriitin ja vermikuliitin lisdksi kali- ja
plagioklaasimaasilpid sekd kvartsia. Hiesussa ja sitd
karkeammissa lajitteissa esiintyivit samat mineraalit
kuin karkeassa saveksessa sekd lisiksi amfiboli- ja pyrok-
seniryhmien mineraaleja.

Lajitteissa runsaimmin esiintyvit mineraalit pyrit-
tiin m#4rittimiin kvantitatiivisesti mineraalien kemialli-
siin ominaisuuksiin perustuvilla menetelmilla. Hienossa
saveksessa oli “’kiille’’ pdikomponentti médirin ollessa
keskimddrin 31 9. “Kloriittia’ oli keskimiarin 21 9,
?vermikuliittia” 10 9% ja ’smektiittia” 19 %. *’Amor-
fista ainesta’, joka mddritettiin NaOH:lla uuttaen, oli
keskiméirin 22 9,. Savimaista erotetussa hienossa savek-
sessa vaikuttivat “’kiilteen’, ’smektiitin’® ja ’vermiku-
liitin’ méarit korkeilta verrattuina hiesumaista erotet-
tuun hienoon savekseen, jossa vuorostaan ’’kloriittia’
ja “amorfista ainesta’ oli suhteellisen runsaasti.

Karkean saveksen ’maasélpien’ ja ’kvartsin’® yhteis-
méiri oli lihes puolet koko lajitteesta. > Amorfisen ainek-
sen’ ja “’kloriitin®® pitoisuudet olivat karkeassa savek-
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sessa suunnilleen puolet niiden pitoisuudesta hienossa
saveksessa. Savilajitteiden kiillepitoisuudessa ei sen
sijaan ollut merkitsevii eroa. .

Hiesulajitteessa *’maasilpien” ja “kvartsin” summa
oli keskimaarin lahes 80 9%,. ’Kiille’” oli hiesun runsain
kerroshilamineraali. Hienossa ja karkeassa hiedassa sekd
hickassa olivat “’kali-” ja “’natriummaasilpien’ pitoi-
suudet melkein samat kuin hiesussa. »Kalsiummaasil-
pad” oli suhteellisen runsaasti hienossa hiedassa. Lajit-
teiden ’kvartsi’pitoisuus lisdéintyi hiukkaskoon kas-
vaessa. . .

Maan mineraalikoostumus osoittautui olevan parem-
min miiritettivissi kdyttden muuntokertoimia ja kun-
kin nidytteen kemiallisten analyysien tuloksia kuin perus-
taen laskelmat lajitteiden keskiméairaiseen tai nidytekoh-
taiseen mineraalikoostumukseen.

PKiille”, “kloriitti”, ’vermikuliitti”’, *’smektiitti”’ ja
“amorfinen aines” muodostivat noin 60 %, aitosavien
aineksesta, kun taas karkeamman lajitekoostumuksen
omaavissa maissa ’maasilvit” ja “’kvartsi’ olivat val-
litsevina. Maalajien mineraalikoostumuksien erot riip-
puivat kiintedsti lajitekoostumuksesta. Alueelliset erot
lajitteiden mineraalikoostumuksessa olivat vahiiset.

Suoritettujen regressioanalyysien tulokset viittasivat
siihen, ettd maiden kokonaismagnesiumin ja -raudan
miirdt riippuivat ldhinnd *’kiilteen”, *’kloriitin” ja
?’vermikuliitin’’ pitoisuuksista. Mainitut mineraalit niyt-
tiviat vaikuttavan myés kromin, koboltin, kuparin, nik-
kelin, sinkin ja vanadiinin kokonaismiiriin. Kaliumin
pidéttyminen vesisuspensiossa niytti riippuvan >’vermi-
kuliitin’® pitoisuuden lisdksi nédytteen saveksen ja vaih-
tuvan kaliumin pitoisuuksista seki pH:sta., ’Kiille”
selitti merkitsevisti 1 ;V suolahappoon uuttuvan vaihtu-
mattoman kaliumin m#érien vaihteluja, eikd *’kalimaa-
sialvalla” ollut merkitsevdd lisdvaikutusta. ’Vermiku-
liitti”, luultavasti suuresta vaihtokapasiteetista johtuen,
selitti suuremman osan vaihtuvien kationien miirien
vaihtelusta kuin muut mineraalikomponentit.
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