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THE PHYSICAL AND CHEMICAL PROPERTIES OF SEPARATE 
GRAIN SIZE FRACTIONS OF SOIL PARENT ROCKS

In connection w ith  the In ternational Congress of Soil Science w hich 
took place in 1964 in Bucharest the Soil Physics Com m ittee of the Polish 
Society of Soil Science (the la tte r w ill fu rth e r be abbreviated PSSS) has 
presented the resu lts of investigation on the establishing of a lim it be­
tw een soil skeleton and fine earth  and proposed a universal acceptance of 
the lim it value 1 mm diam eter instead of 2 m m  [1].

The said Com m ittee undertook the present investigation to characterise 
the  m echanical fractions discerned by PSSS in soils and to substan tia te  
the degree of rightness of the existing classification2.

Sam ples were taken from  m aterials not changed by soil-form ing pro­
cesses i.e. from  soil paren t rocks. G lacial sands and boulder loams, Ter­
tia ry  clay, and loess were analysed. The m edium  and heavy loams were 
taken  from  the areas of the last glaciation (district Olsztyn); the  light 
loam (district W arszawa), loam y sand (distr. Poznań), and loose sand 
(distr. Kielce) were taken  from  the m iddle-Polish glaciation ( =  Riss =  
Varsovien II). The T ertiary  clay comes from  Lower Silesia, the loess — 
from  the Lublin plateau.

The samples w ere fractionated  by the Jackson m ethod and following

1 The analyses w ere supervised by: Ass. Prof. Dr. B. A dam czyk (m ineral com ­
position), A ss. Prof. Dr. A. K abata-P endias (trace elem ents, base exchange capacity, 
total potassium  and sodium), Dr. E. Ś lusarczyk (m echanical analysis, specific gravity, 
m axim um  hygroscopicity), Dr. S. Trzecki (pF curves), Dr. T. W ocław ek (full chem ical 
analysis — m acroelem ents).

2 A ccording to P SSS nom enclature: sand 1— 0.1 mm particle diam eter; fin e  sand
0.1— 0.02 mm diam eter; silt and clay (“elutriable p articles”) less than 0.02 mm dia­
m eter.
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fractions obtained: 1 — coarse sand (particle size 1.0—0.5 mm), 2 — m e­
dium  sand (0.5— 0.25 mm), 3 — “fine” sand (0.25— 0.10 mm), 4 — coarse 
fine sand (0.1— 0.05 mm), 5 — fine fine sand (0.05—0.02 mm), 6 — coarse 
s ilt (0.02— 0.005 mm), 7 — fine silt (0.005— 0.002 mm), 8 — colloidal clay 
(less than  0.002 mm).

Following properties w ere determ ined in the separated  fractions: m ine­
ra l composition (only in the fractions m ore than  0.02 m m  grain size) 
under the polarizing microscope on pow der slides m ounted in Canada 
balsam ; specific grav ity  in the pycnom eter; m axim um  hygroscopicity 
(MH) over a 3.3% H 2S 0 4 solution at 17°C; fu ll pF  curves w ith  the use 
of ceramic porous plates for lower values (up to pF 3), m em branes and 
w ater rem oval by excess pressure for higher values; the  to ta l content of 
SiOz, A120 3, Fe20 3, CaO, MgO, and P 20 5 was determ ined by fusion w ith  
N a2C 0 3 and analysis of the product of fusion a fte r A rinushkina. K 20  and 
N aaO w ere determ ined separately  by flam e photom etry, the trace ele­
m ents by spectro-photom etry. Base exchange capacity was determ ined 
by  M ackenzie’s m icrom ethod.

The m echanical composition of the  samples was determ ined by the 
areom etric Bouyoucos-Casagrande m ethod m odified by Prószyński, as 
w ell as by the p ipette m ethod a fte r preparation  according to Jackson. 
The resu lts were usually  ra th e r convergent (Tab. 1); the pipette m ethod 
gave som ew hat higher resu lts  for the  fraction less than  0.02 m m  and tha t 
less than  0.002 m m  diam eter (except the heavy loam). The exam ined sam ­
ples w ere then arranged  according to their increasing silt and clay contents 
(excepting the loess). Not all obtained resu lts are given here owing to 
space restriction. A fter an in troductory  estim ation of resu lts it was

? a o i  c-

l le c h a n ic a l com p o sitio n  o f  s o i l s

S o i l s

? e rc » n t  o f  the m echan ica l lr a c t io n s  w ith d ia a e te r

P ip e t t  method * A reoactr:ic  method

A ll  f r a c t io n s r in e  f r e c t io n s  
to g e th e r

f i a к f r a c t io n s  L esother

1-0.5 9-^r 0.25- 
C. 10 u . l o -  о. 05 0.05-

0 .0 2
0 .0 2 -С.СЮ5 0.005-0.002 <0.002 1-0.1 0.1-

0 .0 2 < C 0.C 2 1-0.1 c ! g2 <r;o.o2< 0 . 0 0 2

I Send 6 .7 24 .4 51.6 11.5 1.3 0.4 O.o 3-3 32.9 12.3 4.3 35.1 11.3 3.0 2 .0

II  Sandy Ioa= 8 .9 lb.2 i 6 . 2 1 3 .2 7 .3 9 .0 2 .1 3 .1 6 0 .3 2 0 .5 19 .2 o 2 .5 2 3 .5 1 4 .0 o.O

II I  Loa_ij- sar.d 7 .3 11 .5 2 } .ô 1 3 .2 7 .3 8 .3 5.Ö 2 1 .9 4 3 .0 2 0 .5 3 o .5 4 5 .3 2 4 .2 3 0 .0 16.0
IV Loam 4 . :J 5 -9 2 2 .7 I S .4 6 .4 9.с 5 .0 2 5 .7 3 7 .5 24. Ö 3 7 . 7 4 1 .7 22 .3 3 6 .0 2 1 .0

V Clay lo a a 4 .1 3 .3 1Ś .2 1 6 .4 6 .3 9 -0 6 .6 2 3 .4 3 1 .0 2 3 .2 45 -2 3 2 .4 17 .1 5 0 .5 3 0 .0

VI Cloy c . c 0 .0 0 .4 7 .9 2 .0 3 .5 7 .6 73 .4 0 .4 b .3 3 3 .7 0 .5 1 3 .5 3 6 .0 6 7 .0

VII L cess 0 .0 0 .0 0 .2 2 3 . 9 4 1 .1 1 1 .6 1 .3 l b . 4 0 .2 7 0 .0 2 9 .8 0 .4 74 . u 2 5 .0 1 1 .0

Ko o f  f r a c t io n s 1 2 3 4 5 6 7 8 1 -3 4 -5 b -3 1-3 4 -5 6 -3 в

* Sample p r e p a r a tio n  acco r d in g  to  J a c k so n 'a  n e t te d
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decided to give averages for the sands and loams as these rocks are 
fea tu red  by sim ilar properties of their fractions. The resu lts obtained 
for the clay and the loess w ere given separately  as they  deviate consi­
derably  from  the data obtained for the glacial deposits. An influence 
of geological provenience of the rocks on the properties of their fractions 
was not investigated.

The determ ined m i n e r a l  c o n s t i t u e n t s  of the exam ined frac­
tions w ere d istribu ted  into th ree  basic groups (Table 2): A — the group 
of “b a rren ” components (as regards nu trien t content) containing chiefly 
S i0 2, В — the group of components being the n a tu ra l (potential) source of 
nu trien ts, chiefly m acroelem ents, and С — a group of heavy m inerals, 
difficultly  w eathering bu t being a varied n a tu ra l source of m any trace 
elem ents.

The analytical data show' th a t the coarse sand fractions contain a la r­
ger proportion of less valuable components (group A) as com pared to the 
fine sand fractions. Again, the la tte r  are richer in the more valuable 
m inerals of groups В and C.

In sub-group В-a (felspars) the fine sand fractions show — as com pared 
to the coarse sand ones — a greater proportion of potassium  felspar (ortho- 
clase). The loess rock forms a kind of exception from  this rule. The valu­
able (in a pedogenetic sense) silicates and hydroalum inosilicates (sub­
group B-b) occur nearly  exclusively in the fine sand fractions, and espe­
cially in the fine fine sand. The fine sand fractions also contain larger 
am ounts of group С m inerals.

The resu lts of m ineral composition determ inations speak for the conti­
nuance of the existing classification of fractions according to PSSS norms.

The s p e c i f i c  g r a v i t y  shows a ra th e r uniform  tendency to 
increase while the fraction particle size decreases (Tab. 3). A more detailed 
analysis of the results dem onstrates th a t the m ean value of specific gravity  
of the sample approaches th a t of the fraction w ith  0.02—0.005 mm particle  
size. The coarser fractions show lower values, the finer ones — higher 
values of specific gravity , the highest being shown by colloidal clay 
(less than  0.002 mm).

If fraction classification w ere m ade as based on specific gravity , there  
should be discerned: the light fractions (more than  0.02 m m  grain size), 
the m edium  heavy fractions (0.02—0.002 mm), and the heavy fractions 
(less than  0.002 mm).

The m a x i m u m  h y g r o s c o p i c i t y  (Tab.4) of the soil samples 
is connected w ith  the colloidal clay content (i.e. the fraction less than 
0.002 mm grain size). The obtained results show th a t the most d istinct 
increase in hygroscopic m oisture content occurs betw een fractions 7 and 
8, the least one — among the coarse sand fractions (Fig. 1).
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biinerai composition of s o i l  f r a c t io n s  in volume percent

I -  II I II  -  V , VII
ОаШр1в il J *

1 2 3 4 j 1 2 3 1 4 j 5 ; 3; ■ i
4 5

Diameter in mm

Components 1.00
0 .50

0.50
0.25

0.25
0.10

0.10
0 .05

0.05
0 .02

1.00
0 .50

0.50  ' 
0 .25  '

0 .25
0.10

0.10 1 
0 .05  '

i
Э.05 0.25  
Э. 02 j 0.10

0 .10
0.05

0.05
0 .02

Group A: 
4uartz 

j Quartzite  
1 Chalcedony

85.3
4 .2
0 .0

i

89 .9
2 .5
0 .2

1

89 .0
1 .2
Û.1

81 .9
0 .0
0 .0

82 .0
0 .0
0 .0

76.8
2 .8
0 .0

85.5
2.7
0 .1

j
84 .0

1 .6
0 .1

74.5)65.  '■ j80 .3
0 . 0  С.:; 0 .0
0 . 0 i 1 0 .0

; L -

82 .3
0 .0
0 .0

83 .0
0 .0
0 .0

i Tota l group A 89 .5 91.7 90.3 81.9 82 .0 79.6 88.3 85.7 74.5 |53 .9 80.3 82.3 83 .0
1 • ..............
I Group Б:
1 Subgroup B-a- 

Orthoclase  
Microcline  
p e r th i t e  
p la g io c la s e  
Weathered fe ls p a r s

3 .5
0 .3
2 .0
0 .0
2 .0

3 .2  
0 .7  
1 .0  
0 .2
2 .2

4 .7
0 .3
0 .3
0 .5
2.3

11.6
0 .2
0 .7
1 .3
0 .7

8 .6
0 .1
C.O
0 .3
0 .0

5-7
0 .8
0 .3
1 .1
2 .8

3 .9
0 .2
0 .4
1 .2
1 .7

6 .2
0 .5
0 .4
0 .6
1.7

I

10.1
0 .0
0 .7
0 .9
1 .1

15.1  j
о , 7 i

~ j

1 " i
i

11.0
0 .0
0 .0
0 .3
1.7

7.7 
0 .3  
0.3
1 .7  
1.3

7 .2
0 .0  j
0 .3
0 .5
o . o  !

j Total subgroup B-a 7 .8 7-3 8 .1 14.5 9 .0 10.7 7.4 9 .4 12.8 :>.;>! 13.0 11.3 8 .0

; Subgroup B-b1 
j Amphibole 
I Glauconite  
! B io t i t e  
! Muscovite 
i Chlorite

0 .0
0 .0
0 .0
0 .0
0 .0

0 .0
0 .0
0 .0
0 .0
0 .0

0 .2
0 .0
0 .0
0 .0
0 .0

0 .7
0 .0
0 .0
0 .8
0 .0

2 .1
0.3
1 .8
1 .4
0 .9

0 .0
0 .0
0 .0
0 .0
0 .0

0 .0
0 .8
0 .1
O.C
0 .0

O .l i
2 .1
0 .1
0 .0
0 .0

i . 7 i  
3 .1  
0 .6  
0 .9  j 
0 .0

1 .7
■■-.-■U 0 .0
•;.7 ; 0 .0

0 .3  
: 0 .0

1.7
0 .0
0 .0
0 .3
0 .0

i
1 .8  ! 
0 . 2  j 
1 .2  ! 
1 .3  j 
0 .0  1

Total  subgroup B-b 0 .0 0 .0 0 .2 1 .5 6 .5 0 .0 0 .9 2 .3 6 .3 2 .0
i

2 .0 4 .5  j

Subgroup B-c; 
Clay fragments  
Hock fragments

2 .9
0 .8

0 .9
0 .0

0 .7
0 .0

0 .0
0 .3

0 .1
0 .3

6 .7
2 .8

2 .6
0 .0

0 .9
0 .0

0 ’ 7 j 
0 .0

! '1*1
1 .0
0 .0

0 .7
0 .0

1 .8
0 .5

Total subgroup B-c 3 .7 0 .9 0 .7 0 .3 0 .4 9.5 2 .6 1 .0 0 .7 C. 7 1 .0 0 .7 2 .3

Subgroup B-d- 
C alc ite 0 .0 0 .0 0 .0 0 .0 0 .0 0 .2 0 .4 1 .3 3 .6 4 ,2 0 .0 0 .0 0 .0

Total group В 10.3 8 .2 9 .0 16.4 15.8 20.4 11.3 14.0 23.4 52.5 16.0 14.0 14.8

Group C? 
Garnet 
T itan i te  
Zircone 
B u ti le  
Epidote 
S ta u r o l i te  
Tourmaline

0 .2
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

0 .1
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

0 .1
0 .0
0 .1
0 .0
0 .3
0 .2
0 .0

0 .0
0 .1
0 .2
0 .7
0 .5
0 .2
0 .1

1 .0
0 .3
0 .0
0 .1
0 .4
0 . 2
0 .1

0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

0 .2
0 . 0
0 .0
0 .0
0 . 2
0 .0
0 .0

0 .1
0 .0
0 .0
0 .0
0 .2
0 .0
0 . 0

0 .3
0 .3
0 .2
0 .4
0 .3
0 .2
0 .4

0 .5
0 .6
0 .9
0 .3
0 .5
0 .4
0 .4

0 . 0
0 .3
0 .3
0 .7
1.3
1 .0
0 .0

0 .0
0 .3
1.7
0 .7
0 .3
0 .7
0 .0

0 .5
0 .7
0 .0
0 . 0
0 .7
0 .3
0 .0

Tota l group С 0 .2 0 .1 0 .7 1 .8 2 .1 0 .0

1

0 .4 0 .3 2 .1 3 .6 3 .6 3 .7 2 .2

# Уеап relues
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T a b l e

Sp ecyf ic  g r a v ity  of s o i l  f r a c t io n s I em

No of  
fr a c t io n

of s o i l s
Diameter 
of  fra c t io n
in mm :

1

!

; II

j

I I I

!—

; IV V

r ~  "  !

VI ;
; i 
! i

VII
;

1, 2, 3, 
4,  5

0.02 2.b0 2.65 2.65 2.64 1 2.64

i

! 2 .64 2 .6  5 ;

6 0 .02  0.005 2.66 2.68 2.68 ! 2 .66 2.67 2 .66

7 0.005 0.002 2.70 - I 2.70 2.69
!

8 < c T 0 - 0 0 2 2 .76 2.71 2.79 2.79
i .

2.78i I 2 .76
j

2.71

T a b l e

Hygroscopic water  capacity  of s o i l  f r a c t io n s  ^  g rav .)

No of s o i l s

No о: 
f r a c t io n
Diameter of fra c t io n  
in am

“......T “

1 11
1

III

!

IV ; V
i

VI VII

1 1 -  0 .3
i

0 .05  O. lo i 0 .10 0.09 ; 0.07 - -

2 0 .5  -  0 .25 0.05 ! 0 .09 0.11 0 .12 0.12 - -

3 0 .25  -  0 .1

оГ-Ног-оо

! 0 .13 0.13 0.12 0.16 0.09

4 0 .1  -  0.03 0.10 0.2С 0.22 0.22 0.20 0.16 0 .18

5 0.05 - 0 .02 0.23  0.4С

оi'»о

0 .о0 0.49 0.4Ó 0.35

6 0.02 -  0.005 j О.о? 0.81 0 .78 1.04 0.86 0.74

7 0.005 -  0.002 0 .95  , 0 .96 1.94 1.99 2.29 2.90 1.92

8 < C  0.002 ló .O l  j 21.33 22.95 24.69 23.00 24.15 22.83

The hygroscopicity of the m echanical fractions allows to group them  
as follows: particle size 1.0— 0.05 mm (MH less than  0.20%), 0.05— 
0.002 m m  (MH 0.20—3.0%), and less than  0.002 mm (MH about 16%).

The course of the pF c u r v e s  for the in itial samples (Fig. 2), dif­
fering in the range of determ ined values, shows a sim ilar shape of 
a strongly fla ttened  S curve approaching a stra igh t line; the curves for 
loose sand are an exception as they  are m uch less “fla t” and show two 
distinct inflections. It is visible from  a comparison of some w ater pro­
perties of the separate tex tu ra l groups th a t the am ount of w ater inac­
cessible to p lants (from 0.6% in the sand to 23.7% in the clay) as w ell 
as th a t of available w ater increases w ith  the increase of the content of 
silt and clay (less than  0.02 mm diam eter) in the soil. The considerable
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3 A su fficien t am ount of the fin est fractions could not be obtained from  loose 
sand, nor that of the coarsest fraction — from  the heavy loam  and clay.

Fig. 1. M axim um  hygroscopicity of soil fractions

capacity of loess for storing w ater available to p lants and its com parati­
vely low w ilting percentage deserve attention.

From  the pF m easurem ents obtained from  the m echanical fractions of 
the  exam ined soils 3, not listed here for reasons of prin ting space, it resu lts 
th a t the w ater properties of analogous fractions separated  from  samples 
belonging to various tex tu ra l groups approached one another considerably, 
especially in the sand and fine sand fractions. In most cases the differences 
betw een the extrem e deviations did not exceed 5% of the obtained 
resu lts (rarely attain ing  10%), while som ew hat larger deviations — up 
to 15% — appeared in the fine silt and colloidal fractions.

M eans w ere com puted from  the obtained data (Fig. 3) as there  were 
practically  no differences in the six first m echanical fractions and the
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differences occurring in the two finest ones did not show a tendency. 
The curves indicate a great sim ilarity  in the capacity to store w ater 
in the  fractions of coarse and m edium  sand as well as the fractions of 
fine fine sand and coarse silt. The rem aining curves do not form  pairs 
sim ilar in the their course. A certain  regu larity  may, however, be obser­
ved: w ith  the decrease of particle  size the am ount of w ater bound by gre­
a te r forces increases quickly. The greatest capacities for storing w ater 
available to p lan ts are shown by the coarse fine sand fractions — 15.6^/0, 
second place being occupied by fine silt — 10.8%  — and “fine” sand — 
9.41%. The rem aining fractions show a sm all capacity in th is respect.

The discrepancies for MH values obtained in the finer fractions 
depend on the m ethod of work and should probably be ascribed in 
a large degree to the influence of sam ple preparation on the results as 
w ell as the swelling of soil colloids. The m ethod of sample preparation 
seems to influence also the considerable difference in values at pF 4.2 
for the clay as tex tu ra l group (about 80% colloidal fraction content) and 
the clay as grain size fraction less than  0.002 mm.

In general it m ay be said th a t the PSSS particle  size classification 
is correct for the fractions of sand and the upper lim it of fine sand

Fig. 2. The pF curves for soil sam ples
S o ils :  I —  s a n d , I I  — lo a m y  s a n d , I I I  — s a n d y  lo a m , I V  — lo a m , V — c la y  lo a m , V I  — c la y ,

V I I  — lo e s s
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pF

Fig. 3. M ean value of pF curves for fractions separated from  all investigated  soils
F r a c t io n s  in  m m : J — 1—0,5, 2 — 0,5—0,5-5, 3 — 0,25—0,10, 4 — 0,10—0,05, 5 — 0,05—0,02, 6 — 0,02—0,005,

7 — 0,005—0,00?, S — <  0,002

(0.1 mm). The question is open for the lower lim it of fine sand and the 
upper one of silt (0.02 mm), the coarse silt approaching the properties 
of fine sand in its w ater sorption capacity.

The b a s e  e x c h a n g e  c a p a c i t y  (Tab. 5) of the sand and fine 
sand fractions of all exam ined soils is very  low and does not exceed the 
values obtained for quartz  and felspars. A higher base exchange capacity 
appears only in the silt and clay fractions. It increases gradually  in all 
soils from  the coarse silt fraction to the colloidal clay w hich dem onstra­
tes an increasing proportion of the clay m inerals in these fractions. If the 
base exchange capacity of the colloidal clay fraction be taken  as the p rin ­
ciple the exam ined soils m ay be classified into following groups: a) soils 
containing much clay m inerals in the clay fraction — ВЕС m ore than  
50 m.e. per 100 g (the clay and the loess), b) soils w ith a m edium  content 
of clay m inerals in the clay fraction — ВЕС of the la tte r above 20 m.e. 
per 100 g (the loose sand, loam y sand, light loam).

The analyses of the in itia l samples allowed to ascertain  th a t the con­
ten t of m a c r o e l e m e n t s  (inform ing on the potential fertility  of the 
soil) is the sm allest in loose sand containing the g reatest percentage of
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S i0 2. The greatest am ounts of Fe and A1 are contained in the clay. The 
oxides of Ca, Mg, K, Na, and P  occur in the greatest am ounts in the boul­
der loams, especially in the m edium  and heavy loams (Tab. 6).

T a b l e  5

Cation exchange c a p a c ity  of s o i l  f r a c t io n s  ( i n  m.e./lOO g)

No
of

fr a c ­
t io n

Ho of  s o i l s

D i a m e t e r ^ ^  
of f r a c t io n ^ ^ .  
in mm

1 II I I I IV V VI VII

1 1 -  0 .5 0 0 0 0 0 n .o . n .o .

2 0 .5  -  0 .25 0 .56 2.10 1.70 1 .96 1.12 n .o . 1 .68

3 0 .25  -  0 .1 0 ,56 7.00 1.96 2.52 9.80 1 1.85 6.44

4 0 .1  -  0 .05 6 .30 9.56 4 .90 3.70 10.50 7.00 5 .25

5 0.05  -  0 .02 7.00 6.53 4 .40 4 .20 11.20 11.20 8 .86

6 0.02  -  0 .005 14.70 14.00 17.50 12.60 17.50 40.60 25.60

7 0.005 -  0 .002 24.50 19.60 23.80 21.00 ro о о 46 .20 27.30

8 < ^ 0 . 0 0 2 25.20 27.30 28 .00 32.20 39.00 50.40 50.00

W hen considering the resu lts  as to the frequency of occurrence of the 
largest and sm allest am ounts of a given component in the separate frac­
tions (Tab. 6), following conclusions m ay be draw n:

The potential soil fertility  m ay be evaluated on the base of a g ranu­
lom etric soil classification (the agricu ltural aspect) if the tex tu ra l groups 
are divided by the lim it less than  0.05 mm particle size. In the exam ined 
paren t rocks the largest am ounts of Ca and Mg compounds were found in 
the fractions below this size limit.

The compounds of Fe, Al, K, and P  occur in largest am ounts in the 
fractions below 0.005 mm diam eter.

Therefore the particle size lim its below 0.05 m m  and/or below
0.005 mm m ay serve as the principle of a “basic” classification of tex tu ­
ra l groups in Polish parent rocks.

The distribution of t r a c e  e l e m e n t s  in the fractions of the exa­
m ined samples shows a general regu larity  — the cum ulation of such com­
ponents in the clay fractions.

The concentration of trace elem ents in the coarse sand fractions oc­
curring in some soils is connected w ith  the content of these elem ents in 
the p rim ary  m inerals and has already  been observed during the investi­
gation of o ther soils. The cum ulation of trace elem ents in the clay frac­
tions is strictly  rela ted  to their sorption by the clay m inerals.
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Chemical composition some s o i l s

S o i l s
Diameter 

of f r a c t io n  
in mm

Constituend

Hygroscopic
water

Ig n it io n
l o s s 3 i0 2 r2°3

I Sand 0.21 0 .22 93.07 3 .67
II Loamy sand 0.19 0 .64 87.81 6 .80
III  Sandy loam 1.02 1.37 81.32 10.18
IV Loam 1.36 1.48 76.00 12.56
V Clay loam 1.85 3 .42 74.18 15.35
VI Clay 5.26 4 .23 62.19 24.08
VII Loess 0.82 1.38 81.52 9.97

Sandy s o i l s * 1 -  0 .5 0 .02 0.18 93.48 4 .3 2
0 .5  -  0 .25 0 .02 0.05 95.18 3.99

0.25  -  0 .10 0 .03 0 .09 91.84 4 .20
0 .10  -  0 .05 0.05 0-27 90.70 5 .64
0.05 -  0 .02 0.10 0 .56 85.78 7.77
0 .02  -  0.005 2.00 1.80 77.52 14.84

0.005 -  0 .002 1.63 2.97 70.50 18.48
< 0 . 0 0 2 6 .86 27.92 56.36 12.03

Loams s o i l s  * 1 -  0 .5 0.05 0 .35 89.14 6.81
0 .5  -  0 .25 0 .04 0 .15 88.96 6 .38

0.25  -  0 .10 0 .06 0 .18 91.36 4 .37
0 .10  -  0 .05 0 .12 0 .30 84.56 7.20
0.05  -  0 .02 0 .34 0.80 82.40 10.33
0 .02  -  0 .005 0 .41 1.64 72.24 14.77

0.005 -  0 .002 1.01 2.55 64.80 21.22
<  0.002 6 .01 13.45 49 .86 34.70

Clay 1 -  0 .5 n .o . n .o . n .o . n .o .
0 .5  -  0 .25 n .o . n .o . n .o . n .o .

0 .25 -  0 .10 0 .08 0 .14 98.78 1.87
0 .10  -  0 .05 0 .41 0 .34 94.22 3 .62

i 0 .05 -  0 .02 0 .32 0.30 97.76 2.07
ii 0 .02  -  0 .005 0.63 0.70 93.16 4 .74
1 0.005 -  0 .002 2.44 1.17 78.19 14.75

< C  0-002 6 .46 17.63 49.58 23.17

!
I Loess 1 -  0 .5 n .o . n .o . n .o . n .o .
1 0 .5  -  0 .25 n .o . n .o . n .o . n .o .

0.25  -  0.10 0 .02 0 .18 91.16 6 .29i 0.10  -  0.05 0 .06 0.10 88.62 7.15
0.05  -  0 .0 2 0 .08 0 .39 84 .99 9 .31

0.002 -  0 .005 0 .60 1.39 80.83 10.82
0.005 -  0 .002 3.6o 3 .61 68.47 20.37

0.002 8 .0 6 15.50 50.44 23 .30

* Wean values  are given  for  s o i l  f r a c t io n s  separated from both sandy e o i l s  (I  and I I )  and
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T a b l e  6

and th e ir  granulometric fr a c t io n s

in percent

a i 203 Fe203 Ti02 UaO UgO K20 Na20 p 2o3 Total

2.78 0 .72 0.13 0.14 0 .38 0.71 0.23 0.04 58.47
3 .48 2.91 0.34 0.44 0 .59 0.74 0 .3 1 0.07 37.33
7 .00 2.66 0.40 0 .39 0 .96 1.02 0 .32 0 .12 95.56

8 .71 3.32 0 .40 0.99 2.17 1.19 0.39 0.13 94.78
10.46 4 .23 0.43 3.12 1.61 O.92 0 .31 0.23 98.91
16.93 6.20 0.73 0.41 1.63 1.19 0.26 0.12 54.03

5 .87 3.41 0.56 0.53 0.55 0.95 0.44 0.13 55.34

3.90 0.38 0 .02 0.30 0.13 0 .67 0.39 0.02 55.45 !
3 .66 0 .28 0.02 0.17 1.43 0.44 0 .19 0.03 101.44

3.57 1.37 0.23 0.37 1.67 0 .65 0.27 0.03 53. об ;
4 .4 9 0.76 0.36 0.50 0.39 1.20 0.55 0.03 99.22

6.27 1.04 0.43 0.85 0.59 1.56 0 .81 0.03 97.51 !
11.47 2 .59 0.74 0 .64 0.53 2.15 0.76 0.05 38.19 !
14.37 3.55 1.04 0 .48 1.00 2.37 0.68 0 .03 96.42

8.73 2.79 0.43 0.24 0 .83 1.33 0.82 0.03 59 . 5З

6.44 0.85 0.07 0.75 0.12 0.93 O.69 0 .12 93.73
5.54 0.64 0 .06 1 .0 6 2.44 0 .61 0.35 0 .14 55.54
3 .27 0.92 0 .10 0.70 1.24 0 .78 0 .31 0.08 98.54 j
5 .27 1.65 0.33 1.37 2.87 0.87 0 .52 0 .03 58.02 ,
7 .69 2.03 0 .51 0 .75 0 .57 2.17 0.99 0.10 58.01 1

11.35 2 .64 0.70 4 .1 2 1.88 2.75 1.02 0 .11 98.42 !
15.90 4 .01 1.15 4 .3 6 2.09 3.21 1 .12 0 .15 98.57 !
15.98 7 .98 0 .56 1.21 2.75 2.90 0.84 0.18 95.72

n .o . n .o . n .o . n .o . n .o . n .o . n .o . n .o . n .o .
n .o . n .o . n .o . n .o . n .o . n .o . n .o . n .o . n .o .
0 .74 0 .80 0.32 0 .12 0 .08 0.23 0.34 0.01 101.56
2.15 0 .96 0 .4 9 0.24 0 .04 0 .20 0.10 0 .02 98.76
0.17 1 .12 0 .76 0 .12 0 .02 0.48 0.18 0 .02 100.93 !
1 .97 1.45 1.30 0.14 0.07 0 .98 0.23 0 .02 100.02 j

11.04 2.23 1.46 0.37 0.47 1.20 0 .27 0 .02 96.42 j
16.39 6.16 0 .52 1.15 1.63 1.13 0 .29 0 .10 94.38  1

n .o . n .o . n .o . n .o . n .o . n .o . n .o . n .o . n .o .
n. 0 . n .o . n. 0 . n .o . n .o . n .o . n .o . n. 0 . n .o .
4 .85 0 .68 0.73 0.45 0.07 0 .65 0 .38 0 .03 99.13
2 .82 3 .76 0 .52 1 .18 n .o . 0 .75 0 .42 0.05 -
7 .84 0 .96 0.45 1.51 0 .00 0.98 0 .5 8 O.O6 97.76
8 .15 1.84 0.77 0 .60 O.6O 1.36 0 .73 0 .05 96.27
4 .3 9 4 .7 2 1.17 0 .59 1.23 I .60 0 .7 2 0 .09 96.59
7 .02 5 .56 0 .61 0 .21 1.44 1 .51 0 .86 0.11 93.26

also  fo r  loamy s o i l s  (III»  IV and V)



A general sim ilarity  was ascertained betw een the d istribu tion  of trace 
elem ents in the fractions of the two sand samples and these of the loam 
samples.

The greatest part of the to ta l content of copper and cobalt in the whole 
samples usually  (Tab. 7) appears in the colloidal clay fraction. M anganese 
is accum ulated in the colloidal fractions only in the loams and the clay. 
Again, m olybdenum  does not show distinct accum ulation in the colloidal 
clay fractions (excepting th a t of the clay rock), and is d istribu ted  ra th e r 
uniform ly. The occurrence of trace elem ents in the  loess is different. In 
spite of low contents of the trace elem ents in the fine sand fractions the 
loess shows the largest relative accum ulation in the  fine sand (relative to 
the  to ta l content in the sample) owing to the  large proportion of this 
fraction in the loess rock.

T a b l e  7
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Trace element content of fraction«  separated Iroo d ifferen t e o ile  (in  ppa)

; s o
! ^  
j  Bo and 

diameter 
! fractiona

of s o i ls  j Uc Cu Co Uo

° f  \  ; I-II

1
: i i i -  
jlV-T

i

VI Vll I-II
j  I I I -  

IV-V VI v i ;
!
’ i - i i

I II -
IT-T

1
! VI

1

1

VII I -II
III -

IT-Y VI

I

VII

:  i
i 1 1-0.5 40

!
1 160 - 5.93 7.71 0.53 1.08

1
j 1

I - 0.87 0.92 -

! 2 ! 0 .5 -0 .2 5  , 53
! *

280 ЗЛ4 6.87 1 25.00 0.11 0.53
1

1.99 0.71 0.97 3.00

3 0.25 -0 .1 98
i

82 1875 210 3.59 3.17
1

213.00) 5.00 1.50 0.37 17.50 0.91 0.93 0.87 10.00 1.25

4 0 .1 -0 .05 loo i  167 833 190 6.19 13.12 139-78 1 7.50 1.07 1.16 12.04 1.12 0.82 1.04 5.81 1.12

5 ' 0 .05 -0 .02  ■ 133 ! 172 j 527 70 9.37 13.12 90.791 6.25 1.6o 2.22 8.5« 1.12 1.09 1.12 3.33 1.00

! 6 : 0.02-0 .005  ! 262 I 230 265 120 28.08 22.29 50.00 16.62 7.65 5.71 5.32 4.66 1.24 1.18 2.00 0.87

! 7 0 .005-0.002 230 ! 562 ! 270 190 31.52 45.28 45.00 32.50 13.12 11.62 12.22 10.07 2.22 2.08 2 .5 * 1.75

8  ■1 i
<  0.002 J 215 '■ 327 190

1
120 56.56 58.3 53.00 51.25 10.32 9.98 14Л6 10.91 1.87 1.83 3.00 1.50

T a b l e  8

Trace elem en t c o n te n t  o f  s o i l s  ( in  ppm)

S o i l s
Un Cu Co Uo

T P D T Ï I) T F D T F D

Sand 45 42 3 5.62 6.04 0.42 0.58 0.57 0.01 0.50 0.37 0.13
Loamy sand^ 285 103 182 11.25 8.08 3.17 2.29 2.10 0.19 2.25 1.58 0.67
Sandy loam 285 142 142 23.75 23.40 0.40 4.80 3.68 1.12 2.75 1.31 1.44
Loam 400 212 188 22.81 22.64 0.17 7.10 5.23 1.87 2.50 1.82 0.68
C lay loam 355 128 227 34.00 33.99 0.01 7.49 5.97 1.52 3.80 1.03 2.77
C lay 425 221 204 68.00 54.98 13.02 24.55 13.46 11.09 3.75 2.99 0.76
L oess 240 127 113 17.81 14.45 3.35 4.33 3.06 1.27 3.00 1.15 1.85

T -  t o t a l  c o n te n t
F -  c o n te n t  in  a l l  sep a r a te d  s o i l  f r a c t i o n s  
D -  tr a c e  e lem en ts  s o lu b le  d u r in g  f r a c t i o n a t i o n  o f  s o i l  sam ple
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The trace elem ents contained in the organic substance and the soluble 
ferric  hydroxydes are rem oved from  the sample during fractionation. The 
content of these form s of trace elem ents was calculated from  the d ifferen­
ce betw een the whole content in the sample and the am ount found in all 
the fractions (Tab. 8). The largest content of soluble form s was found for 
m anganese. Cobalt and m olybdenum  were soluble in m oderate amounts. 
Again, copper was most strongly  bound w ith  the soil m inerals.

CONCLUSIONS

From  the perform ed investigations the following conclusions m ay be 
draw n:

1. The resu lts of m ineral composition determ inations speak for the 
continuance of the existing classification of grain size fractions according 
to PSSS norms.

2. According to specific gravity  determ inations th ree groups of tex tu ­
ra l fractions m ay be discerned: the light fractions — more than  0.02 mm 
diam eter, the m edium  heavy fractions 0.02—0.002 mm, and the heavy 
fractions — less than  0.002 mm diam eter.

3. The determ inations of m axim um  hygroscopicity allow to discern 
following tex tu ra l groups: very low hygroscopicity (MH less than  
0.20% )— particle size 1.0— 0.05 m m, m oderate hygroscopicity (MH =  
0.20— 3.0P/o)—particle size 0.05— 0.002 mm, and a large, suddenly incre­
asing hygroscopicity (MH =  about 16%) — particle  size less than  
0.002 mm.

4. According to the pF curves the PSSS classification is correct for 
the  lim it 0.1 m m  (between sand and fine sand). The lim it 0.02 mm be­
tw een fine fine sand and coarse silt) is open to discussion as the coarse 
silt fraction absorbs w ater sim ilarly  to the fine fine sand fraction.

5. The base exchange capacity of sand and fine sand is very low (it 
does not exceed the values obtained for quartz  and felspars). The lim it 
0.1 mm (between sand and fine sand) gives no very  distinct changes. The 
base exchange capacity strongly increases in the fractions less than  
0.02 mm and less than  0.002 mm diam eter. Therefore the PSSS fraction 
classification is correct in respect to base exchange capacity.

6. The content of m acroelem ents usually  allows to stress the lim its
0.05 m m  and 0.005 mm as the principles of classification.

7. The content of trace elem ents in the boulder loams and the loess 
speak for the continuance of the existing classification into fractions ac­
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cording to PSSS norms. The clay differs somewhat: trace elem ent content 
(not ex tracted  during sample preparation) decreases considerably a ltho­
ugh uniform ly together w ith particle size decrease down to 0.005 mm; 
a fu rth e r particle size decrease causes some increase in trace elem ent 
content.

8. The classification of fractions used by the Polish Society of Soil 
Science (i.e. sand 1— 0.1 mm, fine sand 0.1— 0.02 mm, silt and clay less 
than  0.02 mm diam eter) is correct in most cases for the properties of the 
rocks investigated here. In the fu tu re  additional research should be made 
on the comparison of the properties of fractions w ith  particle size less 
than  0.02 mm and less than  0.01 mm — to elucidate which of these should 
be used as the upper lim it of the silt and clay fraction.

9. W hen characterizing the soils on the base of their m echanical com­
position, the content of colloidal clay (less than  0.002 m m  particle size) 
should be universally  reckoned w ith in our investigations.
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PROPRIÉTÉS PHYSIQUES ET CHIMIQUES DE DIFFERENTES FRACTIONS 
GRANULOM ÉTRIQUES DE CERTAINES ROCHES-MÉRES

R é s u m é

Au cours du Congrès International de P édologie tenu à Bucarest en 1964 la 
C om m ision de P hysique des Sols de la Société Polonaise de P édologie (PTG) a pré­
senté les résultats de ses recherches concernant la  déterm ination de la lim ite  
in férieure du squelette des sols. On conçoit com m e squelette  les particules au-dessus  
d’un m ilim ètre.

Les recherches ont été continuées pour caractériser les différentes fractions 
granuiom étriques distinguées par PTG et pour vérifier  les bases de cette c lassifica ­
tion. A cette fin  on a choisi des roches-m ères, com m e n’ayant pas été changées 
par les processus pédogenétiques. On a procédé à des analyses de sables, d’argiles 
m orainiques, d’argile T ertiaire et de loess. On a prélevé des échantillons: de lim on  
m oyen et lourd — dépôts du W ürm, de lim on léger, de sable fa ib lem ent argileux et de 
sable friab le — dépôts du R iss. L ’argile T ertiaire provenait de la Basse S ilésie, 
le  loess — du P lateau de Lublin.
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On a préparé les sols selon la  m éthode de Jackson et on a ensu ite séparé les  
fractions suivantes:

1 — sable grossier (1,0— 0,5 mm);
2 — sable m oyen (0,5—0,25 mm);
3 — sable fin  (0,25—0,1 mm);
4 — lim on grossier (0,1— 0,05 mm);
5 — lim on fin  (0,05— 0,02mm);
6 — argile lim oneuse grossière (0,02— 0,005 mm);
7 — argile lim oneuse fin e  (0,005—0,002mm);
8 — argile ( <  0,002 mm).

Ces recherches ont perm is de présenter les conclusions suivantes:

1. La com position m inérale s ’accorde bien avec les fractions granulom étriques 
distinguées par PTG.

2. En se basant sur le  poids spécifique on peut proposer les groupes de fractions 
suivantes: fractions légères (> 0 ,0 2  mm), fractions de poids m oyen (0,02—0,002 mm) 
et fractions lourdes ( <  0,002 mm).

3. On peut grouper les fractions d’après leur hygroscopicité m axim um : fractions 
à hygroscopicité fa ib le  (MH >  0,20 % et diam ètre 1,0— 0,05 mm), fraction à h y ­
groscopicité m oyenne (MH =  0,20— 3,0 % et diam ètre 0,05— 0,002 mm) et fractions 
à forte hygroscopicité (MH ca 16%  et diam ètre <  0,002 mm).

4. Pour les courbes de pF la lim ite entre le  sable et le  lim on s’accorde avec  
la nom enclature de PTG. On doit, au contraire, d iscuter la  lim ite entre le  lim on  
et la  fraction lév igab le (à diam ètre <  0,02 mm), car la fraction d’argile lim oneuse  
grossière absorbe l ’eau pareillem ent à la fraction  de lim on fin.

5. La capacité d’échange cationique du sable et du lim on est très basse, com m e 
pour le  quartz et les feldspaths. La lim ite entre le  sable et le  lim on n ’est pas nette. 
La capacité d’échange de cations accroît considérablem ent dans la fraction <  0,02 mm  
et surtout la fraction <  0,002 mm. La com position granulom étrique d’après PTG est 
donc juste dans la m ajorité des cas s ’il fa lla it la  baser sur la  capacité d’échange 
cationique.

6. Pour l ’analyse chim ique totale (m acroélém ents) il est preferable de se baser 
sur les fractions à d iam ètre <  0,05 mm et <  0,005 mm.

7. L e taux d’oligoélém ents dans les dépôts m orainiques et dans le  loess cor­
respond à la com position granulom étrique d’après PTG. L ’argile T ertiaire diffère  
un peu car la dim inution de diam ètre de fraction s ’accorde d irectem ent avec la  
dim inution de taux d’oligoélém ents jusqu’au diam ètre 0,005 mm, et ensu ite le  taux  
des oligoélém ents s’é lèv e  à nouveau.

8. La com position granulom étrique usitée par PTG (sable 1,0— 0,1 mm, lim on  
0,1—0,02 mm et particules lévigab les à diam ètre <  0,02 mm) correspond dans la  
m ajorité aux propriétés des roches étudiées. Il faudra prochainem ent analyser des 
fractions à diam ètre <  0,02 et <  0,01 mm  pour choisir une d’elles com m e la lim ite  
proposée de la fraction  lévigable.

9. Dans les recherches pédologiques il faut prendre cas aux particules à diam ètre  
<  0,002 mm.

2 R o c z n i k i  g l e b o z n a w c z e
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L. K R Ó L I K O W S K I ,  В .  A D A M C Z Y K ,  J .  B O R K O W S K I ,  H .  K R Ó L ,  Z .  P R U S I N K I E W I C Z ,  
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KENNZEICHNUNG DER PH YSIK ALISCH EN UND CHEMISCHEN  
EIGENSCHAFTEN EINZELNER MECHANISCHER FRAKTIONEN  

DER M UTTERGESTEINE

Z u s a m m e n f a s s u n g

In Bezug auf den 1964 in B ukarest abgehaltenen Bodenkundekongreß, hatte 
die K om m ission für Bodenphysik der P oln ischen G esellschaft für Bodenkunde, 
U ntersuchungsergebnisse über die G renzen der E inteilung in Sk elett- und F einerde- 
T eile der Böden vorgestellt, w obei die K om m ission vorschlägt, als G renzw ert 
0  1 mm und nicht 2 mm anzunehm en.

D ie vorliegende A rbeit w urde durch die K om m ission unternom m en, um die 
von der P olnischen G esellschaft für Bodenkunde ausgesonderten m echanischen  
Fraktionen der Böden zu kennzeichnen und die B illigkeit der angenom m enen E in tei­
lung zu bergTünden.

Proben zur U ntersuchung w urden entnom m en aus dem M uttergestein, also 
aus einem  M aterial, das den B odenbildungsprozessen nicht unterliegt. Man a n a l y ­

sierte Sande und G eschiebelehm , tertiären Ton und Löß; Lehm  und schw erer Lehm  
w urden von dem G ebiete des Würm (Bez. Olsztyn), ahnlem iger Sand (Bez. Poznań) 
und Flugsand (Bez. Kielce) von dem G ebiet des R iss entnom m en. Der Ton komm t 
von N iederschlesien  und Löß von der L ubliner-H ochebene her.

D ie Proben hatte m an nach der Jackson-M ethode fraktioniert, w obei folgende  
Fraktionen abgesondert w ürden;

1 — Grobsand ( 0  1,0— 0,5 mm);
2 — feinerer Grobsand ( 0  0,5— 0,25 mm);
3 — gröberer Feinsand ( 0  0,25— 0,1 mm);
4 — m ittlerer Feinsand ( 0  0,1— 0,05 mm);
5 — feinerer Feinsand ( 0  0,05— 0,02 mm);
6 — Schluff ( 0  0,02— 0,005 mm);
7 — feiner Sch luff ( 0  0,005— 0,002 mm) und
8 — kolloidaler Ton ( 0  <  0,002).

A uf Grund der durchgeführten U ntersuchungen, können fo lgende Schlüsse  
gezogen w erden:

1. U ntersuchungsergebnisse für m ineralische Zusam m ensetzung sprechen für die 
E rhaltung der bisherigen  E inteilung in Fraktionen, nach den durch die Poln ische  
G esellschaft für Bodenkunde bestim m ten Normen.

2. A uf Grund des spezifischen G ew ichts können drei Fraktionengruppen ab ge­
sondert w erden. Es sind: leichte F raktionen <  0,02 mm, m ittelschw ere 0,02— 0,002 mm  
und schw ere Fraktionen >  0,002 mm.

3. A uf Grund der m axim alen  H ygroskopizität können die F raktionen in folgende  
Gruppen eingeteilt w erden: Gruppen von sehr niedriger H ygroskopizität 
(MH <  0,20ю/о), — Fraktionsdurchm esser 1,0— 0,05 mm; von m ittlerer H ygroskopizität 
(MH =  0,20— 3,0%) — F raktionsdurchm esser 0,05—0,002 mm und von hoher, stark  
ansteigender H ygroskopizität (MH ca 16°/o) — F raktionen <  0,002 mm.

4. Für pF -K urven  ist die angenom m ene E inteilung richtig für Sand und obere 
G renze des Feinsandes. D ie untere Feinsandgrenze und die obere der abschläm m ba-
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ren T eile  bleiben  diskutabel, da die Schluffraktion  den der feineren  Feinsandfraktion  
nahe Sorptionseigenschaften , h insichtlich  des W assers, aufw eist.

5. D ie A ustauschkapazität des Sandes und der feineren  F einsandfraktion ist 
sehr n iedrig (sie überschreitet n icht die W erte für Quarz und Feldspat). D ie A bgren­
zung des Sandes von der feineren  F einsandfraktion ist ziem lich schw ach ausgeprägt. 
Sie ist deutlicher in den Fraktionen <  0,02 mm und <  0,002 mm. D ie durch die P o ln i­
sche G esellschaft für B odenkunde verw endete E inteilung in Fraktionen ist also  
hinsichtlich  der A ustauschkapazität allgem ein  richtig.

6. H insichtlich  der chem ischen Z usam m ensetzung an M akroelem enten, können  
als E inteilungsgrundlage Teilchen 0  <  0,05 mm und 0  <  0,005 m m  dienen.

7. Der G ehalt an M ikroelem enten in G eschiebebildnissen  und im Löß spricht 
für das Erhalten der bisherigen E inteilung nach der P oln ischen G esellschaft für 
Bodenkunde. Der Ton verhält sich etw as anders — der G ehalt an Spurenelem enten  
(w enn sie w ährend der Präparierung der Bodenproben nicht extrahiert werden) 
nim m t, m it der M inderung des D urchm essers bis 0,005 mm ziem lich stark ab, 
während eine w eitere  M inderung des D urchm essers eine gew isse Zunahm e des 
M ikroelem entegehalts bew irkt.

8. D ie, durch die P oln ische G esellschaft für Bodenkunde angew endete E in tei­
lung’ in m echanische B odenfraktionen (Sand 0  1— 0,1 mm, fe inere F einsandfraktion, 
0  o ,l—0,02 mm und abschläm m bare T eile  <  0,02 mm) ist für die im Rahm en der 
A rbeit untersuchten E igenschaften  der analysierten  B ildnisse, in der M ehrheit der 
Fälle als richtig anzunehm en. In der Zukunft sollte man zusätzliche U ntersuchungen  
über den V ergleich der E igenschaften  der T eile m it 0  <  0,02 mm und 0  <  0,01 mm  
unternehm en um es aufzuklären, w elcher von diesen D urchm essern als obere 
Grenze der abschläm m baren T eile anzunehm en ist.

9. B ei der K ennzeichnung der Böden auf Grund ihrer m echanischen Z usam m en­
setzung, soll in unseren U ntersuchungen allgem ein  die A ufm erksam keit dem Gehalt 
an kollo idalen  T eilchen gew idm et w erden.

L. K R Ó L I K O W S K I ,  В .  A D A M C Z Y K ,  J . B O R K O W S K I ,  H .  K R Ó L ,  Z.  P R U S I N K I E W I C Z ,  
S .  R Z A S A ,  E. S L U S A R C Z Y K ,  C. Ś W I Ę C I C K I ,  S .  T R Z E C K I ,  T .  W O C Ł A W E K

CHARAKTERYSTYKA W ŁAŚCIW OŚCI FIZYCZNYCH I CHEMICZNYCH  
POSZCZEGÓLNYCH FRAKCJI MECHANICZNYCH SKAŁ MACIERZYSTYCH

GLEB

S t r e s z c z e n i e

K om isja F izyki Gleb Polskiego T ow arzystw a G leboznawczego, w  zw iązku z od­
byw ającym  się M iędzynarodow ym  K ongresem  G leboznaw czym  w  1964 r. w  B uka­
reszcie, przedstaw iła w yn ik i badań nad ustaleniem  granicy podziału na części szk ie­
letow e i części ziem iste gleb, proponując pow szechne przyjęcie 0  1 mm a nie 2 mm — 
jako w artości granicznej.

N in iejszą  pracę K om isja podjęła celem  scharakteryzow ania w yróżnianych przez 
PTG leb frakcji m echanicznych gleb oraz uzasadnienia w  jakim  stopniu przyjęty  
podział jest słuszny.

Do badań pobrano próbki z m ateriału  nie objętego procesam i glebotw órczym i, 
a w ięc ze skał m acierzystych  gleb. A nalizow ano piaski i g liny zw ałow e, ił trzecio­

2 *
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rzędow y i less. G linę średnią i ciężką pobrano z terenu ostatniego zlodow acenia  
(woj. Olsztyn), a glinę lekką (woj. W arszawa), p iasek słaboglin iasty  (woj. Poznań) 
i p iasek luźny (woj. K ielce) — z terenu zlodow acenia środkow o-polskiego. Ił pochodzi 
z Dolnego Śląska, a less z W yżyny Lubelskiej.

Próbki frakcjonow ano m etodą Jacksona, w ydzielając z nich następujące frakcje:
1 — piasek gruby ( 0  1,0—0,5 mm);
2 — p iasek  średni ( 0  0,5—0,25 mm);
3 — piasek drobny ( 0  0,25— 0,1 mm);
4 — pył gruby ( 0  0,1— 0,05 mm);
5 — pył drobny ( 0  0,05—0,02 mm);
6 — ił pyłow y gruby ( 0  0,02— 0,005 mm);
7 — ił p yłow y drobny (0  0,005—0,002 mm);
8 — ił koloidalny ( 0  <  0,002 mm).
Na podstaw ie przeprow adzonych badań m ożna w yciągnąć następujące w nioski:
1. W yniki otrzym ane dla składu m ineralnego przem aw iają za utrzym aniem  do­

tychczasow ego podziału na frakcje w g norm PTG leb.
2. Na podstaw ie ciężaru w łaściw ego m ożna w yodrębnić trzy grupy frakcji: 

frakcje lekk ie >  0,02 mm, frakcje średnio ciężkie 0,02— 0,002 mm i frakcje ciężkie  
<  0,002 mm.

3. Na podstaw ie m aksym alnej higroskopow ości m ożna podzielić frakcje na 
następujące grupy: o bardzo n iskiej higroskopow ości (MH <  0,20fl/o),— średnica  
frakcji 1,0— 0,05 mm; o średniej higroskopow ości (MH =  0,20— 3,0%) — średnica frak ­
cji 0,05— 0,002 mm i dużej, gw ałtow nie w zrastającej higroskopow ości (MH -= ca 
16°/o) — frakcje <  0,002 mm.

4. Dla krzyw ych pF przyjęty podział jest słuszny dla piasku i g'ôrnej granicy  
pyłu. Dolna granica pyłu  i górna części sp ław ialnych  pozostaje sprawą dyskusyjną, 
poniew aż frakcja iłu  pyłow ego grubego ma w łaściw ości sorpcyjne w zględem  wody 
zbliżone do frakcji pyłu.

5. Pojem ność sorpcyjna kationow a piasku i pyłu  jest bardzo niska (nie prze­
kracza w artości uzyskanych dla kw arcu i skaleni). Granica m iędzy p iaskiem  i p y ­
łem  zaznacza się dość słabo. W yraźnie w zrasta ona w e frakcjach <  0,02 mm  
i <  0,002 mm. Podział na frakcje stosow any przez PTG leb. jest w ięc na ogół w  od­
n iesien iu  do pojem ności sorpcyjnej słuszny.

6. W odniesieniu do składu chem icznego m akropierw iastków  ogółem  za podstaw ę  
podziału mogą służyć części o 0  <  0,05 mm i o 0  <  0,005 mm.

7. Zawartość m ikroelem entów  w  utw orach zw ałow ych i w  lessie  przem aw ia za 
utrzym aniem  dotychczasow ego podziału PTG leb. Ił zachow uje się nieco odrębnie — 
zaw artość p ierw iastków  śladow ych (nie w yekstrahow anych  z próbek w  trakcie 
preparow ania gleby) obniża się znacznie choć rów nom iernie ze zm niejszeniem  się 
średnicy cząstek do 0,005 mm, dalsze zm niejszenie się średnic pow oduje pew ien  
w zrost zaw artości m ikroelem entów .

8. Stosow any przez PTGleb. podział na frakcje m echaniczne (piasek 0  1—0,1 mm, 
pył (Z ) 0,1— 0,02 mm i części sp ław ialne <  0,02 mm) jest w  w iększości przypadków  
słuszny dla przebadanych w  ram ach pracy w łaściw ości analizow anych utw orów. 
W przyszłości należałoby podjąć dodatkow e badania nad porów naniem  w łaściw ości 
części o 0 <  0,02 mm i o 0  <  0,01 mm  celem  w yjaśn ien ia , którą z tych średnic 
należy podaw ać jako górną granicę części sp ław ialnych.

9. Przy charakterystyce gleb na podstaw ie ich składu m echanicznego należy  
w  naszych badaniach pow szechnie zwracać uw agę na zaw artość części koloidalnych.
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И  Т. В Л О Ц Л А В Е К

Х АРАК ТЕРИ С ТИ К А  Ф И ЗИ ЧЕСКИ Х И ХИМ ИЧЕСКИХ СВОЙСТВ  
ОТДЕЛЬНЫ Х М ЕХАНИЧЕСКИХ Ф РА КЦ И Й  М АТЕРИНСКОЙ ПОРОДЫ ПОЧВ

Р е з ю м е

Комиссия ф изики почв Польского Общества Почвоведов, в связи с М еж ­
дународным Конгрессом Почвоведов в 1964 г., состоявшимся в Б ухаресте, и зл ож и ­
ла результаты исследований по определению границы м еж ду скелетной фракцией  
почвы и мелкоземной, предлагая считать предельной величиной диаметра  
зерен не 2 мм, а 1 мм.

Настоящ ая работа была предпринята с целью установить насколько оправ­
дано сущ ествую щ ее подразделение фракций и более детальной характеристики  
этих фракций.

В исследованиях применяли материал не подвергавш ийся почвообразу­
ющим процессам, т.е. материал материнских пород. Проанализованы были 
пески, моренные глины, третичный ил и лесс. Глину среднюю и тяж елую  
брали на территории последнего оледенения (олынтыньске), глину легкую (вар- 
шавске), слабоглинистый песок (познаньске) и легкий песок (келецке) — брали  
на территории средне-польского оледенения. Ил происходил из Н иж ней Силезии, 
а лесс из Люблинской возвыш енности.

Ф ракционирование образцов проводили по методу Джексона, выделяя  
следую щ ие фракции:

1 — крупный песок ( 0  1,0—0,5 мм);
2 — средний песок (0,5—0,25 мм);
3 — мелкий песок (0,25—0,1 мм);
4 — крупная пыль (0,1— 0,05 мм);
5 — мелкая пыль (0,05—0,02 мм);
6 — ил пылистый (0,02—0,005 мм),
7 — тонкий ил <0,005—0,002 мм) и
8 — ил коллоидальный (меньше 0,002).
И з проведенны х анализов следую т выводы:
1. Полученные результаты для минерального состава подтверждаю т пра­

вильность применяемы х до си х  пор норм фракций по Польскому Обществу 
почвоведов.

2. По удельному весу можно выделить три группы фракций: легкая — боль­
ше 0,02, средне тяж елая  — 0,02—0,002 и тяж елая — меньше 0,002 мм.

3. По гигроскопичности мож но разделить на: низко гигроскопичную (0,20°/о) ,  
0  фракции 1,0—0,05  мм; средне гигроскопичную (0 ,20—3,0°/о), ф  фракции 0 ,0 5— 
0,002 мм; высоко гигроскопичную (ок. 1б°/о), 0  ф ракции меньше 0,002.

4. В отношении сорбционной способности сущ ествующ ие нормы верны  
лишь для песка и верхней границы пыли, в остальны х случаях вопрос открыт, 
так как ил пылистый имеет сорбционные свойства по отношению к воде почти 
такие ж е  как и ф ракция пыли.

5. Емкость поглощ ения катионов для песка и пыли очень низка. Различия  
м еж ду песком и пылью небольш ие. Емкость возрастает по мере уменьш ения  
диаметра частиц. В этом отношении нормы ПОПочв. оправданы.
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6. По содерж анию  макроэлементов в основу деления можно положить  
фракции 0  меньше 0,05 мм и 0  меньше 0,005 мм.

7. С одерж ание микроэлементов в моренных образованиях и в лессе под­
тверж дает сущ ествующ ие нормы. Ил ведет себя несколько иначе — содерж ание  
микроэлементов понижается с уменьшением диаметра частиц до 0,005 мм, а затем  
несколько возрастает.

8. Применяемое а ПОПочв. деление на механические фракции (песок 0  1,0— 
ОД мм; пыль 0  ОД—0,02 мм; илистая часть меньш е 0,02 мм) в большинстве 
исследуемы х случаев правильно отражает свойства породы. Однако необходимо 
еще исследовать частицы 0  меньше 0,02 мм и 0  меньше 0,01 мм для уста­
новления верхней границы илистой части.

9. Характеристика почв по и х  механическому составу долж на обязательно  
учитывать содерж ание коллоидны х частиц.


