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MICROSTRUCTURAL NONHOMOGENEITY OF GLACIAL TILLS

1. Introduction. In engineering geology, geotechnics or when dealing with
practical problems, theoretical physical or mathematical models are applied.
Physical parameters used in these models which characterize soil and its reac-
tion to loading are statistical variables [2, 4]. Hence the parameters of soils
should be described by statistical methods — as determined values talking into
consideration:

— the measure of general tendency (i.e. arithmetical mean x),

— the measure of variability (i.e. coefficient of variation v),

— standard deviation o,

— areas of changeability R = X .x = Xnin

The variability of properties changes and depends on the definition of the
considered parameter, accuracy of its determination, as well as is conditioned
by method of research (the analysis of errors is omitted).

The properties of soil, and therefore of the soil basement depend on the
microstructural parameters of pore space. Their microstructural nonhomoge-
neity on the example of tills is for the first time presented below.

2. Geological setting and lithogenetic features of glacial tills. Glacial
tills are a typical result of glacial sedimentation. They include lodgement,
melt-out and flow tills. They are composed of heterogeneous material and
their composition depenids on rocks transported by the glacier from distant
and nearly areas as well as rocks taken from the glacial base. Glacial tills rep-
resent generally unsorted sediments with various contents of particular
granulometric fractions (gravel, sand, silt and clay). Tills contain quartz grains
of different size as well as grains of various rocks: gneiss, granite, quarzite,
limestone. The sediment matrix comprises a mixture of fine grains of calcite
and particles of clay minerals (illite or montmorillonite).

In macroscopic sense tills represent nonhomogenous soils [3, 8, 9]. Micro-
structural tests were carried out on till samples taken from 83 places located
in the area of Poland (fig. 1). The till samples represent different glaciations,
the depth of sampling usually reached 1.5 — 5.0m below surface. The investi-
gated tills contain: .

— 5 — 45% of clay fraction (< 2um),

= 5 = 70% of silt fraction (2 — 500 pm),

— 35 — 80% of sand fraction (500 — 2000 p{m).

3. Microstructures of glacial tills. According to the carried out analyses
(fig. 2), the investigated tills posses usually three types of known microstruc-
tures [7, '8]: skeletal, matrix, and matrix-turbulent by classification [1]. The
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matrix microstructure is the most common. On the basis of structural element
packing the following three sub-types have been distinguished [8]:

- A - till with loosely packed matrix microstructure,

- B - till with medium packed matrix microstructure,

- C - till with tightly packed matrix microstructure.
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Fig. 2. Examples of: skeletal microstructure (1), matrix microstructure (2)
and matrix-turbulent microstructure (3) in glacial tills.
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4. Microstructural parameters of pore space. Quantitative and qualita-
tive microstructural investigations of glacial tills were carried out with the
use of Stiman software (v. 2.07) connected to a SEM. The software based on
Fourier and Walsh analysis was developed by [6] from the Moscow State Uni-
versity. Results of the analysis enabled to determine microstructural parame-
ters of pore space in the tested soils (tab., fig. 3): porosity, number of pores,
total area of pores, total perimeter of pores, average area of pores, average
perimeter of pores, average diameter of pores. Evaluation of the degree of
image intensity enabled to determine the degree of structural elements orien-
tation — the quantitative parameter: anisotropy index of microstructure.

The microstructural parameters of glacial tills

Type/sub-type of | g jetal| Matrix il maiic | i
microstructure sub-type A | sub-ype B | sub-type C | turbulent (All types)

Parameters of - - s —
X|viX|viX|IvIiX|VvIX|IVIXiVvIXtVY

microstructure
Porosity n % 38.0| 9 [339] 19 |385| 10 {341 16 {27.6] 19 |206| & |343| 19
Nopaber ot pores | 3541102177 | 99 |192| 82 | 211 | 97 | 195 | 47 | 501| 03 {214 | 110

Average diameter of
ores Dg, pym

SORIea 3 PO aga| 00 [619 186 | 316 | 236 |1115] 127 | 391 | 205 | 395 | 83 |60 | 173

2.43| 128 |1.02] 126 |0.91] 138 {1.12| 105 | 0.88 | 131 |1.05| 99 {1.19] 134

R ares ol |sa4|153] 7.6 | 251| 7.8 | 221 | 7.0 | 193] 5.6 | 254 3.5 | 114 |07 | 241

Total perimeter of
pores P, x 103 um
Average perimeter
of pores Py, pm
Average form index
of pores Ky, x 10}
Anisotropy index of
microstructure K; %
Dominant orienta-

tion direction of 98 | 37 | 75 {53180 |46 |80 |53 71149190 |63F 78] 51
pores a°

1263| 63 [ 923 | 168 | 584 | 152 {1494} 110 | 903 | 164 |1211) 27 | 978 | 151

174|127}75|123| 6.9 | 142|7.8 {103 | 6.6 [123}7.8 [100] 8.6 | 133

473 11 |4.86| 12 |5.12] 10 |4.97| 12 447 11 |481| 8 |4.82| 12

10.6| 52 |10.3| 59 {10.0] 37 | 9.1 | 51 |10.5| 74 |10.6| 67 |10.4| 58

X = arithmetic average, v — coefficient of variation, number of samples — 83.

The quantitative analysis of microstructural parameters reveals that (ta-
ble):
— tills with C sub-type matrix microstructure have the smallest porosity.

The smallest mean diameter of pores, mean area of pores and mean pe-

rimeter of pores for these tills also reach the lowest values. For tills with

B and A sub-type matrix microstructure the values of these parameters

increase, reaching the highest values for tills with skeletal microstructure,
= the form index of pores reaches highest values for A sub-type matrix tills,

and the lowest for sub-type C. The values of this index in tills with the
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matrix-turbulent microstructure increases in comparison to these values
for tills the C sub-type matrix microstructure,
— the anisotropy index of microstructure does not vary in the analysed tills.

5. Microstructural nonhomogeneity. Tab. 1 presents the results of inves-
tigations for glacial tills, occurring within the depths of 1.5-5.0m, taken from
83 places in the area corered by sediments of the North Polish, Middle Polish
and South Polish glaciations.

Parameters describing the pore space of tills, regardless of type and sub-
type of microstructure, reveal a large heterogeneity. The coefficient of varia-
tion usually exceed 100%, sometimes even 200%. Microstructure treated as a
whole is characterised by the largest nonhomogeneity. Division into types and
sub-types decreases values of the coefficients of variation. However, for some
types or sub-types the parameters have a larger heterogeneity than tills
treated as a whole. In comparison to tills with skeletal and matrix-turbulent
microstructures, tills with matrix microstructure have the largest nonho-
mogeneity. Within the matrix microstructure, sub-types A, B and C generally

have a smaller nonhomogeneity, but sometimes (< 50% cases) sub-types A and
C have a higher value of variability than the matrix microstructure treated as
a whole.

6. Conclusions. The carried out microstructural investigations and their
analysis reveal that:

1. microstructural nonhomogeneity of tills is generally large, the coefficient
of variation usually exceeds 100%, sometimes even 200%,

2. the coefficient of variation of pore space parameters for the distinguished
types and sub-types of microstructures is smaller than the variability for
the microstructure treated as a whole,

3. occasionally in some types (matrix) and sub-types (A, C) of till microstruc-
tures, some parameters (< 50%) reveal a larger variability than that for all
types and subtypes.
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Pugapn Kagunceruii, €xu Tpiuimcsxmia

MIKPOCTPYKTYPAJIbBHA HEOIXHOPITHICTDH JHOJOBUKOBUX IPYHTIB
(BAJIYHOBMX T'JIMH)

Hocaidacerno mixpocmpyxkmypanvuy HeoOHOPIOHICMD Ab0008UKOEUX 2AUN. AHani3
neodnopidnocmi obmedcysascs docaidocennam 3naxenns rxoeiyienma sminnocmi. Ana-
13 BUKOHAHO Oal OexiabKoX napamempis MOpyeamozo Mpocmopy, @ came: nopyséamoc-
mi, xiavkoemi ma diamempa nop. ITpoananizosano 3naueHHA Yux napamempié 04as ecix
munie MIKpPoCMPYKXmMyp 3azaiom i 0ai nesnux munis (cxesemruutl, mampuyesuti, Mam-
puyeso-mypbysenmuuil), @ MAKON Y MENAT MAMPUYLEOI MIKPOCMPYKMYPU 0Oas 1i
nidmunie A, B 1 C. Mixpocmpyxmyparvha HeoOHOPiOHIcMY 00CAI0NCYBAHUL 2AUH 3HAY-
na. Yacmo xoegdiyienm sminnoemi nepesuwye 100%, a inxoau nasims 200%. ITepesascro
3HaUEHHA KoePIiyleHma 3MIHHOCTI IMEHWYEMBCA 8 Mexcaxr eudineHuxr munié wu nid-
munia. Inodi cnocmepizaemo, wo 8 munax (mampuuni) ¢ nidmunax (A, C) Geaxi napa-
mempu (< 50%) xapaxmepusyromsbcs GiadbUOI0 SMINKICIO, HIdNC MIKDOCTAPYKMYPAAbHA
3MIHHICME, ONIUCYEAHA 3A2AN0M.
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