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Advantages and disadvantages of petrographic analyses of glacial sediments
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Petrographic studies are a helpful tool for glacial geomorphology, because they may supplement lithofacial analysis. They introdueed
information about dynamies and thermic conditions in a glacial sole, about different alimentary zones, and routes of an ice sheet and individual
glaeial streams that deposited tills in central and western Wielkopolska, western Poland. Apart from advantages, the petrographic analyses
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from gravel.

bave also disadvantages, e.g. ability to recognize 200 types of indieator erratics, which follows in pointing to respective source arcas. A
sample volume must be represented stalistically, i.e. it should consist of not less than 1000 erratics from tills and not less than 300 pebbles
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INTRODUCTION

Erratics present in the heterogeneous glacial material have
aroused curiosity of nature scientists who attempted to reveal
their origin based on macroscopic features and deposition
location. A systematic petrographic analysis, both qualitative
and quantitative, have been initiated (S. Konieczny, 1956; J.
Nunberg, 1971). It was aimed to indicate correlation between
the moraine layers and specific glaciations. Numerous and
very diversified factors influencing the petrographic charac-
teristics of tills (Fig. 1), did not allow presenting the same
mineralogic-petrographic characteristics of glacial deposits
representative for a larger study area, for example northwe-
stern Poland. This difficulty results from the extremely dyna-
mically diversified glacier margin, which advancing
southward covered the morphologically diversified pre-Qu-
aternary surfaces (R. Galon, 1967; E. Rijhle, 1968). Thermics
of a glacial sole was, however, responsible for a type and
intensity of the basement destruction and incorporation of
material, which was moved from its original position. A
geologic structure of the area, over which a glacier was
moving, thus both areas of Scandinavia and the Baltic Basin,
as well as source areas and foreland of the maximum extent
of an ice sheet, are considered the most important factor,
however, which diversifies petrographic composition of

clasts in tills. Studies currently conducted on the erratic com-
position of tills indicate (Fig. 1) that a petrographic spectrum
results the most frequently from mixing of the Scandinavian
material, transported directly from the alimentary area, with
material transported from various parts of Scandinavia, e.g.
drained by rivers and derived from tills of previous (G.
Gillberg, 1977; P. U. Clark, 1987). A local material perhaps
overlap this, already complex picture, which effectively chan-
ges the original content of Scandinavian rocks (A. Dreimanis,
1990; R. Puranen, 1990), Both issues were also approached
in Poland (e.g. Z. Lamparski, 1970; J. Rzechowski, 1971,
1979 ¢f. M. Gorska, 1998b).

REVIEW OF METHODS

Two methods, presented by V. Milthers (e.g. 1909, 1934)
and J. Hesemann (e.g. 1931, 1935), are among the first quan-
titative studies on erratics, and index erratics are considered
in both of them. This term introduced by J. Korn (1927)
inciudes rocks from a single alimentary area, which is descri-
bed by alatitude and a longitude of its central part. Correlation
with appropriate outcrops is determined, based on macrosco-
pic characteristics. Both methods exclusively analyse a crys-
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Fig. 1. Factors affecting genetic type and mireral composition of tills {modified after A. Dreimanis, 1982; P. U. Clark, 1987)

talline material, which is considered to be more resistant to
weathering. P. Smed (1993) questions this thesis, however,
saying that continental glaciers are able to transport less
resistant rocks, such as limestones or Palacozoic shales, even
at significant distances without their entirc destruction,

Roundness of surfaces and observed, very gradual decre-
ase of their content in the entire population of erratics, are
traces of indisputable mechanic destruction in the glacier
interior (M. Gérska, 1997).

V. Milthers (1909, 1934) suggests the analysis of only six,
refatively easily recognizable index rocks, which originate
from the three alimentary areas, varying in terms of area sizes.
This causes, that P. Smed (1993) reproached him with neglect
of majority of possibie occurrences of Swedish erratics in tills,
and causing subsequently a greater significance of the rom-
bohedral porphyry from Oslo and rapakivi granites from the
Aland Islands. V. Milthers (1909, 1934) did not distinguish a
till, deposited by the ice sheet advancing from the north at all.
It eventually resulted in incorrect conclusions of V. Milthers
(19089, 1934) about predominance of the iee sheet advancing
directions from the north-west and the Baltic Basin.

In order to avoid similar mistakes and in result to recon-
struct, relatively precisely, direetions of the ice sheet advance
into the European Lowland, possibly numerous rock samples
not limiting their size, for example, to few subjectively selec-
ted erratics, should be analysed.

In contrast to V. Milthers (1909, 1934), J. Hesemann
(1931, 1935) saw additional information in every detail, thus
extended a spcctrum of analysed erratics to about 200 speci-
mens, considering only 11 types (J. Nunberg, 1971), giving a
secondary role to others. Analysing samples of varying sizes
{50-100 specimens of index rocks), he obtained an initial
material to introduce a four-digit index. Each of the digits
represented, after rounding to nearest tens, a number of crys-
talline erratics within a one out of four (V. Milthers, 1909,
1934), varying in terms of sizes and alimentary areas.

These averaged lwice values, thus affected by a [arge
error, depart significantly from a real percentage content of
index erratics, and it considerably deereases a quality of the
method. Lack of information about a presence or absence of
a specific rock type, which in many cases may have a signifi-
cant importance, is the next disadvantage of the J. Hese-
mann’s method. All types are included into a single
alimentary area, knowing, however, that all samples associa-
ted with this area, could have not been transported together
by the same ice sheet or its individual ice streams.

G. Liittig (1958} introduced a new method of determina-
tion of the alimenfary area of a rock debris in tills, and named

" it the theoretical erratic centre TGZ (in Genman: Teoretisehes
Geschiebe-Zentrum). Based on the analysis of 400 types of
Scandinavian sedimentary and crystalline erratics from parent
areas of known geographic coordinates, G. Liittig (1958}
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Table 1

Characterisic features of tmportant Scandinavian crystalline indicator erraties after J. Hesemann (1975); sketch K.-D. Mcyer (1980)

Rock Size Colour Feldspates Quartz Basic elements Texture, other
Bredvad porphyry : few, in colour of very few, green .
Dalama very fine M ed matrix, 1-5 mm spols, 1-2 mm partly fluidal

. . few, in colour of | numerous, angular, very few, green
Red Baltic porphyry very fine brick-red matrix, 0.5-2 mm grey, 0.5~2 mm spols, mm-cm -
. . often white
Brou'f-ln Baltie very fine ri(i-tfrborgv‘:h manl):;i:mdlsh, many, 0.5-2 mm few, gsrcz?s-black clongated feldspates
porphyry arey p (weathered)
Grénklitt porphyrite very fine reddish-brown, many, red, brown, _ amany, spots glitter _
Dalama y violet grey, 1-5 mm (augite, hornblende)
Very pumerous few, sometimes in fine-granite,
Pascallavik very fine grey-reddish- many, up to 2 cm, whi?c'- . -b]ue, form of clongated | sometimes fluidal,
porphyry Sméland 4 violet round, white-red l—g;n)llm ! siripes or zones, “mock brown”
upfo 1 cm structure
somelimes
“rapakivi” type:
porphyry red-brown upto 1l cm cound, grey green spots surrounded by
| mm fringe of
plagioclases
many red spots of biotites
Aland Rapakivi middle-coarse “‘fob:;‘”_g‘ri':;fd °“h§:i::':h‘””h few, lg’_‘;’r'nrr‘[’]”“d' homblendes, | rapakivi structure!

plagioclases, 1-2 cm

1-10 mm

many red

orthoclases. few few homblendes sometimes
Aland granite middle-finc red brownish-red Jagiocl 'es few, grey, 1-3 mm and biotites, hieroglyphic,
Plaglociases, small spots granular
upto 0.5 cm
Red Vixjo granite . \ many, red, numerous, grey- “Smdland granite
Smiland fine-middle-coarse red-light red up to 1 em blue, -3 mm few, partly spots | i bjue quartzes”
. . ki R _ many, glitter, partly similar 1o
Steckholm granite fine light grey, prey grey-white to white | few, grey, 1-3 mm brown-black 2neiss
Unpsala granite middle-coarse bight pre " whitish, upto l cm, | prey, sometimes hormblende, biotite | somelimes struelure
e &1 ! gt grey. grey seldom reddish blue, 1-5 mm in shape of spots of lenses
clusters o spots, sometimes
Kinne diabase middle-fine greenish-grey feldspaltes, - augite, 1-5 mm alitter like silk
uptolcm
rusty-brown grains,
Scania basalt very fine black, dark grey only in matiix - augite, olivine often hollows afler
weathered olivines
rhomb in shape, porphyrytic,
Rhomb porphyry very fing brown,_g-rey, many, pink-white, - - feldspates in shape
Oslo red-violet
1-2 cm of rhombs

obtained two values, which are mathematically calculated
averages of a geographic latitude and longitude of the alimen-
tary area of the entire erratic spectrum. This method has been
successfully applied till present time by K.-D. Meyer (1965,
1983,1990, 1991, 1995). R. Vinx (1996, 1998) and T. Geisler
(1996) introduced new rock types from southwestern Sweden,
including all requirements which have to be filled by index

erratics.

Diversification of a local accumulative sequence at Uj-
gcie, obtained earlier by S. Kozarski (1991, 1995) and S.

S. Kozarski, 1995).

Kozarski ef ¢l (1985, 1987) was confirmed by petrographic
exammination of glacial sediments considering a theoretical
erratic centre (M. Bose, M. Gérska, 1995; M. Gérska, 19955,
1997, 19984). First of all, changes of TGZ, calculated for
specific lithostratigraphic layers in the studied location, pro-
ved a previously suggested distinct direction of the ice sheet
advance during the Chodziez Phase (17.7 ka BP according to

A certain disadvantage of this method is the fact, that the
value of TGZ does not correspond to a real past centre of
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Table 2

Cbaracteristic features of important Scandinavian sedimentary rocks after J. Hesemann (1975); sketch K.-In. Meyer (1980)

Rock Age Gratn size

Cotour Significant features

sandstone with features of 1uff and
ffite, very hard,

Digcrberg sandstone Dalama Precambrian fine-rniddle-eoarse red-brown-grey-viclet L
arkose or aplit in character
(typical of acid soil rocks)
Digerberg conglomerate’ as above and with big
Dﬁamarg & Preeambrian up lo eoarse conglomerate red-brown-grey-violel pebbles and fragments of
Dala porphyry
sometimes quactzitic, rarely
Dala sandstone Precambrian fine-middle-coarse light bricks- brown-red-violet conglomeratic, often spots,
rarely carbonate
Kalmarsund sandstone . - apart from cross-bedding
ey s Eocambrian . yellowish, light grey, also quasi-stratification
‘Chiasma”, western coast of (Lower Cambrian) fine to middie violet-red-brown strines (coloured belts, steipes)
Oland, and the Kalmar Straits P CO'0UreC DCTLS, S\ MpEs),
sometimes violet-red Scelithos
1-3 mm tubes perpendicular 1o
Scolithus sandstone Scania Lower Cambrian middle light grey, yellowish bedding of

transversal Scnlithos

Hardeberga sandstone Scania | Lower Cambrian

fine to middle

quartzitic, partly glassy, sometimes
conglomeratic with quartz; variant
with Fucnidae

light grey, white- grey

Tessini sandstone, western Middle Cambrian

fine sandy 10 coarse-grained

fiat, light carbonale, hard;
undulated layer-top

light grey, weathered — (ripplernarks), layer-bottorn with

coast of Oland silty shale yellowish waces of Paradoxides
paradoxissimus (tessini)
“ " . . quasi spherical conerctions,
Ball” sandstone, bottom of Devonian (Old Red) fine-middic light grey, yellowish, reflected fresh braken surface,

the Baltic Sea, NE of Gotland

reddish, greenish glitter; fragments of fish

Lower Permian
(New Red
Sandstone)

Conglomerate of rhornb
porphyry S of Oslo

fine to coarse

with fragmenls and pebblcs of

violet-red, brown, grey rhomb porphyry, less hard

Palaeozoie limestone,

between (land and Gotland | Ordovician, Silurian

very fine, dense

sometimes visible algae
Palaeoporelln and crystallized
fauna

grey. greenish, yellowish

Palaeozoic limestones Oland Ordovician fine

red -

glacial erosion. Itis only mathematically determined, central-
Iy located relatively to other alimentation centres, from which
basement deposits were incorporated.

Erratics the most commonly occurring in the European
Lowland are these which are included in the Tables 1 and 2.
Relatively recently P. Smed (1993, 1994) tried to determine
paths of ice sheet advances using a new presentation with
circle maps. Percentage content of index erratics corresponds
to a circle diameter, which changes accordingly to a popula-
tion size of the rocks determined. The circle centre is located
in the centre of the alimentary area.

This new method of a graphic presentation (P. Smed,
1993, 1994) seems most thoroughly to include the corrected
methodological errors of the previously applied methods, and
represents a broad spectrum of information. A consideration
of even individual rocks is a significant advantage of this
method. Index erratics, which are not sufficiently abundant,
and also these, which do not represent all adjacent types in a

group, are not omitted. Moreover, placed on a map, they
inform about possible contamination with older tills due to
their incorporation during younger ice sheet advances (P.
Smed, 1993). This Jast feature has not been considered in the
earlier presented methods of V. Milthers (1909, 1934), J.
Hesemann (1931, 1935) or TGZ. In the method of P. Smed
{1993, 1994}, the erratics having some index properties are
considered (in German: statistische Leitgeschiebe). They are
rocks which are numerous in a sample, possible for explicit
identification, but having more than a single alimentary area.
Although the Palacozoic limestones have been taken under
consideration in the earlier petrographic studies, they had no
index significance. Because they are common, a significance
of information which they contribute into the entire picture is
indisputable. That is why including all erratics in a complex
characteristics of a til] layer is a great advantage in a petro-
graphic analysis of a pebble fraction.
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Table 3

Petrographic groups of gravel fraction aod their diagnostic criteria (modified after G. Pettcrsson, 1995)

Symbeols Petrographic group Diagnostic criteria
K acid and basic crystalline crystalline 1?ock5 consisting ofrqore or less than 50% quartz respective and conlaining dark mingrals;
metamorphic rocks and mylonitic sedimentary rocks
sandstone, also Jothnian sandstones, which break betwcen the individual grains, multi-eoloured; Jothnian: pink-reddish-violet
) quartzitic sandstone
quartzitic sandstone sandstones of dense, diagenetic texture, break through the crystals, white, pale, pinkish
i ic si . .
TU Paleezpic silt. shale and dark grey, very soft plates, possible (o scratch with a nail
other claystones
F flint grey, black, white, brownish, reddish, yellowish amorphous silica, with typical concheidal fracture and sharp
s edges :
KK Cretlaceous limestone soft while limestone with loose texture composed of numerous f{ossils
PK Palacozoic limestone izei:;'. red limestones, sometimes with dense fracture, may contain fossil algae Palaecpeorella, react strong 10
- white, yellowish, pinkish sedimentary rocks, do not scratch glass, react weakly (o acid, blue colour replaces
D delomite . . . .
viplet in reaction with Magneson [
L lydite hard, brittle siliceous rock with [aminac of chalcedony and quartz, break perpendicular to layers
quartz pure quartz with conchoidal or sugar-like fracture, hard {7 in the Mohs scale)
WwQ milk quartz as above, and the quartz is distinctly not transparent, white

P. Smed (1993) also considers a problem of the sample
size. He suggests that as little as 50 determined index rocks
of 20-60 mm fraction may be sufficient to present a clear
picture. Taking into consideration that only 10% erratics from
till meets requirements for index properties (K.-D. Meyer,
1983), a sample should consist of at least 1000 specimens
together with flints and limestones, and it is undoubtedly a
disadvantage of this method. Such large population may be
difficult to collect if a petrographic analysis is limited to a
skeletal till material. R. Puranen (1990) indicated, however,
that a basal, lodgment-type till provides the best information
about the origin of erratics. Their record is not subjected to
such large post-depositional changes, as for example a supra-
glacial material transported on icebergs in proglacial basins.
Glaciofluvial deposits, transported at larger distances than the
corresponding tills (M. Lillieskdld, 1990}, are subjected to
additional agueous sorting, which also makes explicit identi-
fication of a parent area of a pebble fraction less possible.
Petrographic studies of erratics of glaciofluvial facies and a
till are conducted in Poland by J. Rutkowski (1995a—c).

A progressing examination of the Scandinavian erratics
made that more frequently, an attention was diverted to met-
hodologic errors. The following ones are listed among them:

— too small guantity of easily identified index erratics
(only 6 specimen in the analysis of V. Milthers), thus sub-
sequently, possible omitting a majerity of erratics of other
derivation;

— non-uniform sample in terms of population (50-100
specimen of index erratics in the method of J. Hesemann);

— uncertain classification of the Scandinavian erratics to
an appropriate group among 200 known index erratics (J.
Dudziak, 1970);

—certain and unquestionable identification of the average
pebble spectrum of 10% only (K.-D. Meyer, 1983).

These disadvantages caused that since then, a spectrum of
the analysed petrographic material was extended to the entire
rock inventory included in a gravel fraction.

Despite several years of experience in a petrographic
segregation of gravel, unfortunately it was not possible to
determine a uniform fraetion, characteristic for this skeletal
material. In Germany, where petrographic analyses belong to
standard methods used for examination of tills, A. G. Cepek
(1962, 1967, 1969) defined a fraction 410 mm as the most
representative one, The same till fraction was analysed by G.
Liittig (1957, 1958, 1995) and W.-A. Panzig (1989, 1992).
However, K.-D. Meyer (1983) and M. Bose (1979, 1989, -
1995) suggest a broader fractional spectrum of analysis, divi-
ding it into 4-6.3 and 6.3-12.5 mm intervals, respectively.
Similarly J. Ehlers (1979, 1980, 1983) and G. Liittig (1995)
postulate that a larger fractional interval of a skeletal material
should be analysed, 1.e. 2-3.15 and 3.15-5 mm (J. Ehlers,
1979), or 2-3.5, 3.5-5, 5-8 and 8-13 mm (G. Liittig, 1995).

In Sweden petrographic analyses are conducted in various
fractions. K. Malmberg-Persson, E. Lagerlund (1994), and E.
Lagerlund et al. (1995) selected a fraction 3-8 mm, G. Petter-
son (1995, 1997, 1998) and S. Eriksson (1998) a fraction
2.8-4, 4-5.6 and 5.6-8 mm. The most recent petrographic
analysis of a till is limited to the fraction 4-10 mm (J.
Albrecht, 1995).

W. Schultz (1996) summarized, in terms of a historic
view, selected fractions included in a study on till petrography
in Western Europe, referring to a corresponding author and
the area.

Great contribution to methodology of petrographic studies
in Poland was made by J. Trembaczowski (1961, 1967), who
tried to standardize a sample population size and its fraction
subjected to a detailed analysis. He proposed an analysis of
till of a volume at least 0.015 m” in a fraction 4-10 mm. He
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suggested that a smaller fraction, e.g. 2-3 mm, obtained from
geologic drillings (J. Golgb, 1933; A. Dreimanis, 1939; T.
Bartkowski, 1950, 1956;J. Trembaczowski, 1967; A. Linden,
1975) does not represent fine rock fragments, but only their
compositional components, mainly quartz.

The Polish Geological Institute ad vises to use the fraction
5-10 mm, which is selected from a till, collected mostly from
drillings. This method ts used in Poland commonly (e.g. K.
Choma-Moryl er gl., 1991; S. Lisicki, 1993, 19984, b; K.
Kenig, 1998).

Taking into consideration a petrographic analysis introdu-
ced by A. Jaroszewicz-Klyszyriska (1938), R. Blachowski
(1938), and later applied successfully by J. Ehlers (1978,
1979, 1980, 1982) and M. Baése (1979, 1989), 10 groups of
rock material in a till are distinguished (M. Gdérska, 1992,
19954, b, 1997, 1998a; ¢f. Table 3).

Different types of petrographic analyses of gravel fraction
applied are aimed at computing the so-called pebble indexes,
that are relationships between specific rock groups. Petro-
graphic composition of glacial deposits is characterized best
by ratio of crystalline rocks (K) to Palaeozoic litnestones
(PK), because both of these components are of Scandinavian
derivation and occur in similar quantities. This type of as-
sumption was brought out by Z. Lamparski (1971), who
questioned, in terms of methodology, an application of inde-
xes based on the Scandinavian and local material, and on
specific rock groups occurring in different quantities.

Considering geology of the northern Europe, it is easier to
correlate the entire erratic material of tills occurring in the
European Lowland with their source areas in Scandinavia and
the Baltic Basin, Subsequently, alimentary centres of tills may
be indicated and direction of a long-distance transport, glacier
advance paths and/or its individualized ice streams determi-
ned.

In the process of segregation of erratic material in gravel
and pebble fractions, errors resulting from subjective asses-
sment of macroscopic erratic features may occur. Facial va-
riability of the same rock type, observed in an alimentary area
even at a short distance, may influence decisively a different
classification of the same etratic, which has been transported
several hundred kilometres apart. According to P. Smed
(1994, and pers. inform.), however, the problem does not
focus on identification of a single or two erratics. It is impor-
tant, which is indicated by R. Vinx (1993), to determine in
case of index rocks a presence of possibly the largest number
of rocks from the same alimentary area (so-called series, suite
or index sequence), features of which are easily identifiable.
As the alimentary centre is recognized more thoroughly by
correlation with appropriate erratics, information about a
parent area of rocks and their transport path becomes more
convincing than a presence of individual erratics from the
entire Scandinavia. .

The least amount of problems in terms of classification
among erratics of pebble fraction are caused by porphyries,
because of their characteristic fabric; however, sandstones are
the most difficult (M. Gdrska ef al., 1998). Index erratics are
classified, based on the present knowledge (R. Vinx, 1996,
1998; T. Geisler, 1996; P. Smed, pers. inform.). A possible
derivation of a specific index erratic from another outcrop

than the known one is not taken into account. Also different
than present locations of alimentary areas as well as larger
outcrops are rarely taken into consideration, however, it is
known (J. E. Mojski, 1995} that sediments 25-150 m thick
wereremoved from a bottom of the Baltic Basin and the Baltic
Sea itself. There are still the areas in Scandinavia which have
not been studied thoroughly and in detail, or their geology is
not widely distributed because of political-economic reasons,
e.g. the Baltic Sea, is an area of navy manoeuvres and pro-
spective forresources of natural oil and gas (¢f. W. K. Gudelis,
J. M. Jemielianov, 1982).

CONCLUSIONS

All who undertake carrying out a petrographic analysis of
glacial deposits have to be still open to face its numerous
shortcomings.

Varying transport environments influence a final mineral-
petrographic composition of a till, thus an appropriate selec-
tion of a lithofacies is necessary.

A sample population has to be statistically representative.
In case of gravel fraction about 300 specimen (B. Krygowski,
1955; A. Gaigalas, 1963; J. Nunberg, 1971; M. Bose, 1989),
and in case of pebble fraction at least 1000 specimen (K.-D.
Meyer, 1983) are needed. Moreover, the area of occurrence
should be appropriately sampled.

Determination of zones, where glacial erosion occurs,
depends mostly on a proper classification of the index erratic
to one of the four source areas in Scandinavia and the Baltic
Basin, and its reference to the appropriate term.

Studies are laborious and long-lasting. Large samples
should be analysed only in the field where water is available
to allow an appropriate classification after they have been
flushed.

Petrographic analyses of gravels, because of a smaller
volume of samples, can be successfully conducted in a labo-
ratory, especially as afresh rock fracture can be observed with
a use 0 microscope or a magnifying glass. Selection of lime-
stones has to be confirmed by a visible reaction to hydrochlo-
ric acid. Similarly alteration of colour from violet to blue,
triggered by reaction with the Magneson I indicator (A. G.
Cepek, 1969), allows to distinguish dolomites.

Despite the listed disad vantages, a study of petrographic
composition of tills have been accepted among standard re-
search methods of these deposits in Western Europe (G.
Liittig, 1958, 1995; M. Houmark-Nielsen, 1987; W.-A_ Pan-
zig, 1989, 1992; M. Bése, 1995). Increase of interest in
petrographic analysis has been observed lately also in Poland
(Z. Siliworiczuk, 1985; D. Krzyszkowski, 1988, 1990, 1994,
W. Stankowski, D. Krzyszkowski, 1991; K. Choma-Moryl et
al, 1991, W. Gogolek, 1991a, b, 1994; K. Kenig, 1991, 1998,
R. Racinowski, 1991; H. Klatkowa, 1993; S. Dobrzyniski,
1995; C. Seul, 1995; P. Ktysz, 1995; S. Lisicki, 1993, 1997,
1998a—¢; P. Czubla, 1998).

Petrography of the erratic material in gravel fraction 4-
12.5mm (K.-D. Meyer, 1983; M. Bose, 1979, 1989) and index
erratics 20—60 mm (K.-D. Meyer, 1983) are the ideal exten-
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Table 3

Petrographic groups of gravel fraction and their diagnostic criteria (modified after G. Pettersson, 1995}

Symbols Petrographic group Diagnostic criteria
« acid and basic crystaltine crystalline r'ocks consisting of more of less than 50% quartz respective and conlaining dark minerals;
metamorphic rocks and mylonitic sedimentary rocks
sandstone, also Jothnian sandstones, which break between the individual grains, multi-coloured; Jothinian: pink-reddish-violet
S quartzitic sandstone
quartzitic sandstone sandstones of dense, diagenetic texture, break through the crystals, white, pale, pinkish
Palaeozoic silt, shale and . , \
TU other claystones dark grey, very soft plates, possible to scratch with a nail
F flint grey, black, white, brownish, reddish, yellowish amorphous silica, with typical conchoidal fracture and sharp
edges -
KK Cretaceous limestone soft white limestonc with loose texture composed of numerous fossils
PK Palacozoic limestone E:i;;r red limestoncs, sometimes with dense fracture, may contain fossil algac Palaeoporelia, react strong to
. white, yellowish, pinkish sedimentary rocks, do not scralch glass, react weakly to acid, blue colour replaces
D dolomite ; ; . -
violet in reaction with Magneson |
L lydite hard, brittle siliceous rock with Iaminae of chalcedony and quartz, break perpendicular to layers
quartz pure quartz with conchoidal or sugar-like fracture, hard (7 in the Mohs scale)
WwQ milk quartz as above, and the quartz is distinctly not lransparent, white

P. Smed (1993) also considers a problem of the sample
size. He suggests that as little as 50 determined index rocks
of 20-60 mm fraction may be sufficient to present a clear
picture, Taking into consideration that only 10% erratics from
till meets requirements for index properties (K.-D. Meyer,
1983), a sample should consist of at least 1000 specitmens
together with flints and limestones, and it is undoubtedly a
disadvantage of this method. Such large population may be
difficult to collect if a petrographic analysis is limited to a
skeletal till material. R. Puranen (1990) indicated, however,
that a basal, lodgment-type till provides the best information
about the origin of erratics. Their record is not subjected to
such large post-depositional changes, as for example a supra-
glacial material transported on icebergs in proglacial basins.
Glaciofluvial deposits, transported at larger distances than the
corresponding tills (M. Lillieskéld, 1990), are subjected to
additicnal aqueous sorting, which also makes explicit identi-
fication of a parent area of a pebble fraction less possible.
Petrographic studies of erratics of glaciofluvial facies and a
till are conducted in Poland by J. Rutkowski (1995a—c).

A progressing examination of the Scandinavian erratics
made that more frequently, an attention was diverted to met-
hodologic errors. The following ones are listed among them:

— too small quantity of easily identified index erratics
(only 6 specimen in the analysis of V. Milthers), thus sub-
sequently, possible omitting a majority of erratics of other
derivation;

— non-uniform sample in terms of population (50-100
specimen of index erratics in the method of J. Hesemann;

— uncertain classification of the Scandinavian erratics to
an appropriate group among 200 known index erratics (J.
Dudziak, 1970);

—certain and unquestionable identification of the average
pebble spectrum of 10% only (K.-D. Meyer, 1983).

These disadvantages caused that since then, a spectrum of
the analysed petrographic material was extended to the entire
rock inventory included in a gravel fraction.

Despite several years of experience in a petrographic
segregation of gravel, unfortunately it was not possible to
determine a uniform fraction, characteristic for this skeletal
material. In Germany, where petrographic analyses belong to
standard methods used for examination of tills, A, G. Cepek
(1962, 1967, 1969) defined a fraction 4-10 mm as the most
representative one. The same till fraction was analysed by G.
Liittig (1957, 1958, 1995) and W.-A. Panzig (1989, 1992).
However, K.-D, Meyer (1983) and M. Bdase (1979, 1989, .
1995) suggest a broader fractional spectrum of analysis, divi-
ding it inte 4-6.3 and 6.3-12.5 mm intervals, respectively.
Similarly J. Ehlers (1979, 1980, 1983) and G. Liittig (1995)
postulate that a larger fractional interval of a skeletal material
should be analysed, i.e. 2-3.15 and 3.15-5 mm (J. Ehlers,
1979), or 2-3.5, 3.5-5, 5-8 and 8-13 mm (G. Liittig, 1995).

In Sweden petrographic analyses are conducted in various
fractions. K. Malmberg-Persson, E. Lagerlund (1994), and E.
Lagerlund et al, (1995) selected a fraction 3—8 mm, G. Petter-
son (1995, 1997, 1998) and S. Eriksson (1998) a fracticn
2.8-4, 4-5.6 and 5.6-8 mm. The most recent petrographic
analysis of a till is limited to the fraction 4-10 mm (J.
Albrecht, 1995).

W. Schultz (1996) summarized, in terms of a historic
view, selected fractions included in a study on till petrography
in Western Europe, referring to a corresponding author and
the area.

Great contribution to methodology of petrographic studies
in Poland was made by J. Trembaczowski (1961, 1967}, who
tried to standardize a sample population size and its fraction
subjected to a detailed analysis. He proposed an analysis of
till of a volume at least 0.015 m in a fraction 4-10 mm. He
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suggested that a smaller fraction, e.g. 2-3 mm, obtained from
geologic drillings (J. Gotab, 1933; A. Dreimanis, 1939; T.
Bartkowski, 1950, 1956;]. Trembaczowski, 1967; A. Linden,
1975) does not represent fine rock fragments, but only their
compositional components, mainly quartz,

The Polish Geological Institute advises to use the fraction
5-10 mm, which is selected from a till, collected mostly from
drillings. This method is used in Poland commonly (e.g. K.
Choma-Moryl et al., 1991; S. Lisicki, 1993, 1998a, b; K.
Kenig, 1998).

Taking into consideration a petrographic analysis introdu-
ced by A. Jaroszewicz-Kiyszynska (1938), R. Biachowski
(1938), and later applied successfully by J. Ehlers (1978,
1979, 1980, 1982) and M. Bise (1979, 1989), 10 groups of
rock material in a till are distinguished (M. Gérska, 1992,
1995a, £, 1997, 19984; ¢f. Table 3).

Different types of petrographic analyses of gravel fraction
applied are atmed at computing the so-called pebble indexes,
that are relationships between specific rock groups. Petro-
graphic composition of glacial deposits is characterized best
by ratio of crystalline rocks (K) to Palaeozoic limestones
(PK), because both of these components are of Scandinavian
derivation and occur in similar quantities. This type of as-
sumption was brought out by Z. Lamparski (1971), who
questioned, in terms of methodology, an application of inde-
xes based on the Scandinavian and local material, and on
specific rock groups occurring in different quantities.

Considering geology of the northern Europe, it is easier to
correlate the entire erratic material of tills occurring in the
European Lowland with their source areas in Scandinavia and
the Baltic Basin. Subsequently, alimentary centres of tills may
beindicated and direction of a long-distance transport, glacier
advance paths and/or its individualized ice streams determi-
ned.

In the process of segregation of erratic material in gravel
and pebble fractions, errors resulting from subjective asses-
sment of macroscopic erratic features may occur. Facial va-
riability of the same rock type, observed in an alimentary area
even at a short distance, may influence decisively a different
classification of the same erratic, which has been transported
several hundred kilometres apart. According to P. Smed
(1994, and pers. inform.), however, the problem does not
focus on identification of a single or two erratics. It is impor-
tant, which is indicated by R. Vinx (1993), to determine in
case of index rocks a presence of possibly the largest number
of rocks from the same alimentary area (so-called sertes, suite
or index sequence), features of which are easily identifiable.
As the alimentary centre is recognized more thoroughly by
correlation with appropriate erratics, information about a
parent area of rocks and their transport path becomes more
convincing than a presence of individual erratics from the
entire Scandinavia, .

The least amount of problems in terms of classification
among erratics of pebble fraction are caused by porphyries,
because of their characteristic fabric; however, sandstones are
the most difficult (M. Gorska et al., 1998). Index erratics are
classified, based on the present knowledge (R. Vinx, 1996,
1998; T. Geisler, 1996; P. Smed, pers. inform.). A possible
derivation of a specific index erratic from another outcrop

than the known one is not taken into account. Also different
than present locations of alimentary areas as well as larger
outcrops are rarely taken into consideration, however, it is
known (J. E. Mojski, 1995) that sediments 25-150 m thick
were removed from a bottom of the Baltic Basin and the Baltic
Sea itself. There are still the areas in Scandinavia which have
not been studied thoroughly and in detail, or their geology is
not widely distributed because of political-economic reasons,
e.g. the Baltic Sea, is an area of navy manoeuvres and pro-
spective forresources of natural oil and gas (¢f. W. K. Gudelis,
J. M. Jemielianov, 1982).

CONCLUSIONS

All who undertake carrying out a petrographic analysis of
glacial deposits have to be still open to face its numerous
shortcomings.

Varying transportenvironments influence a final mineral-
petrographic compaosition of a till, thus an appropriate selec-
tion of a lithofacies is necessary.

A sample population has to be statistically representative.
In case of gravel fraction about 300 specimen (B. Krygowski,
1955; A. Gaigalas, 1963; J. Nunberg, 1971; M. Bése, 1989),
and in case of pebble fraction at least 1000 specimen (K.-D.
Meyer, 1983) are needed, Moreover, the area of occurrence
should be appropriately sampled.

Determination of zones, where glacial erosion occurs,
depends mostly on a proper classification of the index erratic
to one of the four source areas in Scandinavia and the Baltic
Basin, and its reference to the appropriate term.

Studies are laborious and long-lasting. Large samples
should be analysed only in the field where water is available
to allow an appropriate classification after they have been
flushed.

Petrographic analyses of gravels, because of a smaller
volume of samples, can be successfully conducted in a labo-
ratory, especially as a fresh rock fracture can be observed with
a use 0 microscope or a magnifying glass. Selection of lime-
stones has to be confirmed by a visible reaction to hydrochlo-
ric acid. Similarly alteration of colour from violet to blue,
triggered by reaction with the Magneson I indicator (A. G.
Cepek, 1969), allows to distinguish dolomites.

Despite the listed disadvantages, a study of petrographic
composition of tills have been accepted among standard re-
search methods of these deposits in Western Europe (G.
Liittig, 1958, 1995; M. Houmark-Nielsen, 1987; W.-A. Pan-
zig, 1989, 1992; M. Bése, 1995). Increase of interest in
petrographic analysis has been observed lately also in Poland
(Z. Siliworiczuk, 1985; D. Krzyszkowski, 1988, 1990, 1994;
W. Stankowski, D. Krzyszkowski, 1991; K. Choma-Mory! et
al, 1991; W. Gogolek, 1991, b, 1994; K. Kenig, 1991, 1998;
R. Racinowski, 1991; H. Klatkowa, 1993; S. Dobrzyiiski,
1995; C. Seul, 1995; P. Kiysz, 1995; S. Lisicki, 1993, 1997,
1998a—¢; P. Czubla, 1998).

Petrography of the erratic material in gravel fraction 4—
12.5mm (K.-D. Meyer, 1983; M. Bose, 1979, 1989) and index
erratics 20-60 mm (K.-D. Meyer, 1983) are the ideal exten-
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sion of a Iithofacial analysis (M. Gdrska, 1997) which is its
significant advantage, because:

— they complement data on dynamics and thermics of a
glacier sole, alimentary area and a path of ice sheet advance;

— basing on pebble indexes, they support conclusions
about diversified alimentary centres of tills;

-— they confirm a long-distance transport, determine rou-
tes of ice sheets and/or their individual ice streams.

It should be clearly emphasized and very well remembe-
red, what has been many a time underlined in the subject
literature (G. Liittig, 1995; and others) that the petrographic

analyses are a sedimentologic-petrographic complement.
Therefore, it may set in order a stratigraphic classification
only in conjunction with the other complementary lithologic-
stratigraphic methods.
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ZALETY I WADY ANALIZ PETROGRAFICZNYCH OSADOW LODOWCOWYCH

Streszczenie

Pierwsze systematyczne i metodologicznie przygotowane analizy sktadu
petrograficznego glin lodowcowyeh poehodzg z poczatku XX wieku. V.
Milthers (1909, 1934), J. Hesemann (1931, 1935) i p6Zniej G. Liittig (1958)
prébowali znaleZ€ najlepszy sposébna wskazanie skandynawskich obszaréw
egzaracji eratykow przewodnich (20-60 mm), kiére wystgpuja w glinach
lodowcowych Niemiee, Danii i Polski. Na podstawie 200 znanych eralykdw
przewodnieh P. Smed (1993) zaproponowal nowy sposéb prezentacji grafi-
cznej toréw wedréwki odrgbnych strumieni lodowych, poczawszy od ich
ofrodkdéw alimentacyjnych w Skandynawii az po Niz Europejskt.

Frakcja Zwirowa 4—12,5 mm wystepujaca w heterogenicznej glinie (M.
Bdse, 1989) jest separowana na 10 grup petrografieznych {tab. 3), ktére z
kolei stuza wyliczeniu tzw. wskaZnikéw ptazowych. Frakcja kamienista
2060 mm (K.-D. Meyer, 1983) analizowana jest pod wzglgdem liczebnogei
eralykéw przewodnich (tab. 1, 2), co prowadzi do wyliczenia teoretycznego
centrum glazowego TGZ.

Studia nad petrografia w obu frakcjach maja zardwno wady, jak i zalety.
Wér6d stabych punktéw metody wymienia si¢ konieczno$¢ umiejgtnego
wyboru litofacji, od ktérej zaledy ostateczny sktad mineratno-petrograficzny
glin morenowych. Duig niedogodnoécia metody jest analizowanie statysty-
cznie reprezentatywnej frakeji wirowej — co najmniej 300 sztuk (B. Kry-
gowski, 1955; A. Gaigalas, 1963; por. J. Nunberg, 1971; M, Bése, 1989) i
frakeji kamienistej — co najmniej 1000 okazéw (K.-D. Meyer, 1983), wobec
czego badania sa zmudne i dlugotrwale. Wyznaczenie stref, w ktérych

przchiegata egzaracja, zalezy w duzej mierze od poprawnego zaklasyfikowa-
nia eratyku przewodniego do jednego z czlereeh obszaréw Zréddiowych
Skandynawii i nieck: Battyku 1 przyporzadkowanie mu wlagciwej nazwy.

Mimo wymienionych wad, studia nad skladem petrografieznym glin
morenowych weszly na stale do standardowych metod badawczych tych
osadéw w Europie Zachodnigj (np. G. Liittig, 1958, 1995; M. Houmark-Nie-
Isen, 1987; W.-A, Panzig, 1989, 1992, M. Bése, 1996). R6wniez w Polsce
zauwaza si¢ od kilku [at wzrost zainteresowania analizami petrograficznymi
{np. D. Krzyszkowski, 1988, 1990, 1994; K. Choma-Moryl i in., [991; W.
Gogolek, 1991a, &, 1994; K. Kenig, 1991, 1989; R. Racinowski, 1991; H.
Klatkowa, 1993; M. Gdrska, 19954, b, 1997; 8. Dobrzyriski, 1995; C. Seu,
1995; 8. Lisicki, 1997, 1998a—<).

Analizy petrografiezne sg doskonaly metoda wspierajacy analizy litofa-
cjalne osadéw (M. Gérska, 1997) w geomorfologii glacjatnej; uzupeiniaja
dane dotyczace dynamiki, termiki stopy ladolodu, obszaru alimentacji { toru
wedréwki ladolodu. Studia nad petrografia wspierajg wyznaczone, na pod-
stawie wskaZnikéw glazowych, wnioski o zréznicowanych oérodkach ali-
mentacyjnych glin morenowych.

Naleiy przy lym wyrafnie stwierdzi€ i bezwglednie pamigtac, eo hyto
wielokrotnie podnoszone w literaturze przedmiotu {m.in. G. Littig, 1995), i
analizy petrograficzne, bgdace uzupelnieniem sedymentologiczno-petrogra-
ficznym, moga uporzadkowaé ktasyhkacje stratygraficzna jedynie w polacze-
niu Z innymi, komplementarmymi metodami litologiczno- stratygrafieznymi.





