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Ab stract
Fennoscandinavian er rat ics found in the gla cial de pos its till and in the glaciofluvial sed i ments within the main limit of
the Odra gla cier lobe (NW Po land and NE Ger many), have been ex am ined in two frac tions: of 4–10 mm and 20–
60 mm. The most nu mer ous in the frac tion of 4–10 mm are: crys tal line rocks (Cr; 35–40%) orig i nat ing in the Pro tero -
zoic Bal tic Shield as well as Lower Palaeozoic lime stones (LPL; 35–40%) – from the sed i men tary sheet cov er ing the
Pro tero zoic Bal tic Shield in the area of cen tral Bal tic Sea. Per cent age of sand stones (S) amounts to 10–15%. The re -
main ing rock types (sev eral per cent each) are: Palaeozoic shales (PS), the out crops of which are lo cal ized in Scania
(Sk¯ne) and on Born holm, Cre ta ceous lime stones (CL) and flintstones (F) orig i nat ing from the west ern part of the
south ern Bal tic Sea as well as quartz (Q), milk quartz (MQ) and iso lated grains of De vo nian dolomites (DD).
From the anal y sis of in di ca tor er rat ics, which was car ried out in the 20–60 mm frac tion, it ap pears that mainly the out -
crops lo cal ized in Sm¯land (e.g. red and grey Växjö gran ites, P¯skallavik por phy ries or Tessini and Kalmarsund sand -
stones) as well as in Scania (Höör and Hardeberga sand stones) and Re gion Blekinge–Born holm (e.g. Karlshamn and
Halen gran ites as well as NexÝ and Bavnodde sand stones) had been sub jected to the gla cial pluck ing. The o ret i cal
boul der cen tres (TBC, Ger man: TGZ das Theoretische Geschiebezentrum, Lüttig 1958), which were cal cu lated for 23
sam ples, are lo cal ized mostly in a small area in Sm¯land, be tween 15°E–16°E and 56.5°N–58.5°N. Apart from in di ca -
tor er rat ics the sta tis ti cal ones are nu mer ous, that are first of all grey and red Lower Palaeozoic lime stones with their
out crops lo cal ized at the bot tom of the cen tral Bal tic Sea. Tak ing into ac count the TBC val ues of in di ca tor er rat ics as
well as high per cent age of sta tis ti cal er rat ics it can be pro nounced that the sec tion of cen tral and west ern Bal tic Sea as
well as the one of south-east ern Swe den had been sub jected to the heavi est gla cial pluck ing by that part of the Pleis to -
cene ice-sheet which reached the stud ied area dur ing the Pom er a nian Phase.

Key words: pe trog ra phy of gla cial grav els, Scan di na vian er rat ics, Pomeranian phase, Odra lobe, north-east ern Ger many,
north-west ern Po land

IN TRO DUC TION
The Pleis to cene cool ing of the cli mate re sulted in the ex -

pand ing Scan di na vian ice-sheet which ad vanced more than
once into the Eu ro pean Low land area. The gla cier was trans -
port ing and de pos it ing rocks which first had been torn off
from the bed of its route. Com plex of er rat ics, es pe cially of
in di ca tor ones (Meyer, Lüttig 2007), makes it pos si ble to des -
ig nate their source ar eas. They oc cur within the Pre-Cam -
brian Bal tic Shield rich in crys tal line rocks. They oc cur also
in the plate cov er ing this shield. The plate con sists of sed i -
men tary rocks of the Neoproterozoic, the Lower Palaeozoic,
the Cre ta ceous pe riod and the Palaeogene pe riod (e.g. Ager
1980, Meyer 1983, Gaál, Gorbatschev 1987, Andréasson,
Rodhe 1992, Bergström, Kornfält 1998, Scholz, Obst 2004,
Bingen et al. 2008, Bogdanova et al. 2008, Hölttä et al. 2008,
Lahtinen et al. 2008, Larsen et al. 2008, Minell 1980,
NÝttvedt et al. 2008, Ras mus sen et al. 2008, Wohlfarth et al.
2008). De ter min ing the out crops en ables in turn to point out

the pre vail ing di rec tions of the dis tant gla cial trans port (e.g.
Korn 1927, Gillberg 1965, Marcussen 1973, Minell 1980,
Peltoniemi 1985, Salonen 1986, 1987, 1988, Dyke, Mor ris
1988, Stokes, Clark 1999), which are be ing used in palaeo -
geo graphi cal and strati graphi cal de lib er a tions. Such re -
search pro ceed ings will be pre sented here on the ex am ple of
an anal y sis of the petrographic com po si tion of grav els oc cur -
ring in the Pleis to cene de pos its of so-called Odra gla cier lobe 
(re gion B, Fig. 1). Hith erto this is sue has been in ves ti gated in
frag ments, on small ar eas above all, and as a rule based on the 
data from geo log i cal drill ing (e.g. Münnich 1932, Hesemann
1932, 1935, 1937, 1960, Rühberg, Krienke 1977, Krienke,
Harff 1979, Choma-Moryl et al. 1991, Gogo³ek 1991a, b,
1992, 1993a, b, Mas³owska, Micha³owska 1994, Mas³owska
1999).

Dur ing the last de cade the first au thor was con duct ing in
this area the petrographic re search of grav els in a re gional
per spec tive. The ex am i na tion was car ried out on the ma te rial



oc cur ring both in the gla cial tills and in the de pos its of the
glaciofluvial ac cu mu la tion of the last gla ci ation Pom er a nian
Phase. The petrographic anal y sis of grav els of the 4–10 mm
and 20–60 mm frac tions as well as the anal y sis of in di ca tor
and sta tis ti cal er rat ics were ap plied (Górska 1998a, b, 1999,

2000a, b, 2002a, b, 2003b, c, Górska-Zabielska 2008,
Górska, Zabielski 2006, Górska-Zabielska, Stach 2008). The 
re search was aimed not only at in di cat ing the trans port di rec -
tions of the de pos its but also at de ter min ing whether the po -
ten tial dif fer ences in the petrographic com po si tion be tween
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Fig. 1. Study area against the course of the max i mum ex tent of the glaciomarginal Pom er a nian Phase in NE Ger many and NW Po land.



the de pos its of the main limit of the Pom er a nian Phase gla ci -
ation and its hin ter land are sta tis ti cally es sen tial. Com par i -
sons of that kind have not been un der taken so far.

RE SEARCH AREA

The Odra Lobe (re gion B, Fig. 1; Keilhack 1904), where
the field work was con ducted, is de fined as a pro trud ing part
of main limit of the gla ci ation Pom er a nian Phase (15.2 14C ka
– Kozarski 1986, 1988, Marks 2002, 16.2 ka BP – Kozarski
1995, 14.8±0.4 10Be ka – Rinterknecht et al. 2005). In or der
to re al ize the sci en tific goal the area (Fig. 1) was di vided into
the fol low ing sub re gions:

– sub re gion B1 – Uckermark:
 – glaciomarginal zone – sites 24–28;
 – hin ter land – sites 29–35;
– sub re gion B2 – the Myœliborskie Lakeland [Germ.

Soldiner Seenplatte]:
 – glaciomarginal zone – sites 36–38;
 – hin ter land – sites 39–47;
– sub re gion B3 – the Choszczeñskie Lakeland [Germ.

Arnswalder Seenplatte] and the Iñskie Lakeland [Germ.
Nörenberger Seenplatte]:

 – glaciomarginal zone – sites 53–60 and 65, 66;
 – hin ter land – sites 61–64 and 67–70.
Most of the re search sites are sit u ated in the glaciomargi- 

nal zone of the Odra Lobe and a part of them only in the
glaciomarginal zones of the gla cial re treat phases, that is the
Parsteiner Subphase, Angermünde–Chojna, Zichow–Gol-
mer and Gerswalde ones (Fig. 1; Woldstedt 1936, Markuse
1966, Karczewski 1969, Brose 1972, 1978, Cepek 1994).

Glaciomarginal zone of the Pom er a nian Phase in this
area is char ac ter is tic of di ver si fied re lief de vel oped in the
form of a dis tinct arch with the cul mi na tion reach ing 180 m
above sea level in the vi cin ity of Iñsko (e.g. Keilhack 1899,
Schulz 1967, Liedtke 1981, 2001, Klump et al. 2002).

RE SEARCH GOAL AND METH ODS

The pre sented re search was aimed at char ac ter iza tion of
the petrographic com po si tion fea tures of the Odra Lobe
grav els (4–10 mm and 20–60 mm frac tions). The goal of the
anal y sis of in di ca tor and sta tis ti cal er rat ics was to point out
the ar eas of the Scan di na vian ice-sheet dom i nant gla cial
pluck ing. Dur ing the Pom er a nian Phase that gla cier reached
the Lower Odra River val ley.

The pre sented is sue is a frag ment of some larger work
(Górska-Zabielska 2008). The achieved re sults were used to
in ves ti gate whether and to what ex tent the de pos its dif fer (as
far as the petrographic com po si tion is con cerned) from the
de pos its of the same age orig i nat ing in the ar eas ad ja cent to
the main re search area from the west (Mecklenburg, re gion
A) and the east (the Drawskie Lakeland, re gion C; Fig. 1).

Sam ples for petrographic anal y sis were taken both from
the gla cial till and from the glaciofluvial sed i ments. The
grav els of 4–10 mm and 20–60 mm frac tions were se lected
and ana lysed with spe cial at ten tion paid to the petrographic
com po si tion in ac cor dance with the meth od ol ogy ap plied
among oth ers by Böse (1989), Meyer (1985) and Lüttig
(1995), and in the ear lier works of the au thor her self (e.g.

Górska 2000a, 2002a, b, 2003a, Górska-Zabielska 2007,
2008a). Each time the fol low ing types of rocks were al lo -
cated: Cr – crys tal line rocks, LPL1 – grey Lower Palaeozoic
lime stones, LPL2 – red Lower Palaeozoic lime stones, CL –
Cre ta ceous lime stones (Me so zoic), DD – dolomites, S –
sand stones, LPS – Lower Palaeozoic shales, F – flintstones,
Q – quartz and MQ – milk quartz.

The petrographic com po si tion fea tures of the 4–10 mm
frac tion were pre sented in the form of five petrographic in di -
ca tors (co ef fi cients): S/Cr, Cr/C, A/B, F/Cr, Q/Cr, where:

S – sum of per cent age of sed i men tary rocks (S, LPS, CL,
LPL1, LPL2, DD);

C – sum of per cent age of car bon ate rocks (LPL1, LPL2,
CL, DD);

A – sum of per cent age of ero sion non-re sis tant rocks (S,
LPS, CL, LPL1, LPL2, DD);

B – sum of the per cent age of ero sion re sis tant rocks (Cr,
F, Q, MQ).

Grav els of the 20–60 mm frac tion were the ob ject of
anal y sis of in di ca tor and sta tis ti cal er rat ics, ac cord ing to
meth od olog i cal prin ci ples and rec om men da tions de scribed
e.g. by Lüttig (1958, 1991) and Meyer (1983) and by the au -
thor (MGZ) in her above quoted works.

PETROGRAPHIC COM PO SI TION
OF GRAV ELS OF THE 4–10 mm FRAC TION

Among ten petrographic types be ing al lo cated in grav els
of the 4–10 mm frac tion, crys tal line rocks (Cr) are the most
nu mer ous in the glaciomarginal zone of sub re gions B1
(41%) and B3 (41.5%). On the other hand, per cent age of
Lower Palaeozoic lime stones (LPL1+LPL2) is the big gest in
grav els of the glaciomarginal zone and the B2 hin ter land
(40.7%), as well as in grav els of the B3 glaciomarginal zone
(44.2%; Fig. 2).

The per cent age of sand stones (S) is sim i lar in all sam ples 
of the ex am ined area and amounts on av er age to 14.7%. As a
rule, pop u la tion of the Lower Palaeozoic shales (LPS) is not
nu mer ous, how ever in the re search area it is com par a tively
large and fluc tu ates from 7.6% in the B1 grav els to 3.5% in
the B3 grav els. So big num ber of Palaeozoic shales in the
4–10 mm grav els of the Pom er a nian Phase in Uckermark,
was fa mil iar al ready to Rühberg and Krienke (1977), who re -
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Fig. 2. Pet ro graph i cal con tent of me dium-coarse-gravel 4–10 mm
de rived from sed i ments of Uckermark B1, Soldin Lakeland B2 and
Arnswald and Nörenberg Lakeland B3.



garded it as the typ i cal petrographic fea ture of the gla cial de -
pos its cor re lated with the Pom er a nian Phase in the Up per
Odra River val ley. The per cent ages of S and LPS re veal no
di ver si fi ca tion be tween the glaciomarginal zone and the hin -
ter land.

The re main ing petrographic types are not that abun dant
(Fig. 2). Quartz (Q) sys tem at i cally, but to a very slight ex tent, 
in creases its per cent age from 1.9% in B1 to 3.3% in B3,
whereas flintstones (F) de crease from 1.2% in the B1 grav els
to 0.8% in B3. The low est per cent age of flintstones has been
reg is tered in the east ern most part of the re search area (B3).
The pre vi ous study (Górska-Zabielska 2008) in north-west -
ern Po land shows that in grav els of re gion C, sit u ated east of
the Odra Lobe, flintstones are not ob served at all. How ever
the dis tinctly big ger per cent age of these rocks in the Pom er a -

nian Phase sed i ments, is re corded west ward in com par i son
with the Odra Lobe, that is in re gion A.

Be cause of scanty per cent age of flintstones in grav els of
the whole Odra Lobe (sub re gions B1, B2 and B3) it seems
that the sed i ments of this area were de pos ited by the part of
the ice-sheet which had not passed over the out crops of
flintstones. This sce nario is dif fer ent from that for the re gion
A, where fre quent flintstones in di cate that the part of the gla -
cier which reached Meklenburg must have moved over the
out crops of these rocks (Fig. 3).

In or der to prove which petrographic fea tures or petro-
graphic in di ca tors dif fer en ti ate the sub re gions (B1, B2, B3)
of the Odra Lobe, sta tis ti cal anal y sis (non-para met ric Mann-
Whit ney U test) was ap plied. The re sults of this test are pre -
sented in Table 1.
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Fig. 3. Lo ca tions of main source re gions of crys tal line and sed i men tary rocks – mother re gions of in di ca tor er rat ics (af ter Schulz 2003).



The 4–10 mm grav els within the Odra Lobe are char ac -
ter is tic of rather mea gre vari abil ity of petrographic com po si -
tion be tween in di vid ual sam ples (ex pressed in smaller
num ber of dif fer en ti a tion vari ables), and usu ally in sig nif i -
cant dif fer ences be tween in di vid ual sub re gions. Grav els of
the sub re gions B1 and B2 dif fer from each other in the con -
tent of grey lime stones (LPL1) and Lower Palaeozoic shales
(LPS), milk quartz (MQ) as well as in val ues of the petrogra-
phic in di ca tor Cr/C. Grav els of the sub re gions B2 and B3 are
also di ver si fied in terms of not nu mer ous petrographic types
(Cre ta ceous lime stones (CL), Palaeozoic shales (LPS), flint-
stones (F) and quartz (Q)) as well as of petrographic in di ca tor 
F/Cr, while sub re gions B1 and B3 are dis tin guished by grey
lime stones (LPL1) and Lower Palaeozoic shales (LPS),
quartz (Q) as well as by petrographic indicator F/Cr.

In light of sim i lar study con ducted on 4–10 mm grav els
from the ad ja cent ar eas: Meklenburg (re gion A) to the west,
and Drawskie Lakeland (re gion C) to the east, it turned out
that the dif fer ences among the re gions A, B and C were very
es sen tial (Górska-Zabielska 2008). This is a dis tinct sign of
the petrographic iden tity of the Odra Lobe grav els in com par -
i son with the neigh bour ing ar eas, and it proves a kind of the
petrographic com po si tion uni for mity within the Odra Lobe
itself.

 ANAL Y SIS OF IN DI CA TOR ER RAT ICS

The pre sented re search proved that in di ca tor er rat ics of
the Odra Lobe de pos its orig i nate first of all in two Scan di na -
vian source ar eas (Sm¯land and Scania–Blekinge–Born -
holm), both lo cal ized in the south-east ern Swe den.

Er rat ics from Sm¯land are the most nu mer ous, in clud ing
(Fig. 4) the typ i cal red Sm¯land gran ites [1] (the num ber cor -
re sponds to the lo cal iza tion of the Scan di na vian out crop in

Fig. 4) as well as red [2] and grey [3] Växjö gran ites. V¯nevik 
gran ites [4] are next to oc cur. They are of ten ac com pa nied by
Sm¯land rhyolites, for ex am ple P¯skallavik por phy ries [5] or 
Emarp por phy ries [6]. The high est per cent age of crys tal line
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Fig. 4. Lo ca tions of the out crops of rocks, which later, as in di ca -
tor er rat ics, were de rived from sed i ments in the study area. Num ber
ex pla na tions in text.

Ta ble 1
Re sults of the U-Mann-Whit ney test of petrographic types and co ef fi cients

in the ana lysed sed i ments in the men tioned re gions B1, B2, B3

B1 (N=23) vs B2 (N=36) B2 (N=36) vs B3 (N=58) B1 (N=23) vs B3 (N=58)

Variable
Sum of rangs

Zcorr. pcorr.

Sum of rangs
Zcorr. pcorr.

Sum of rangs
Zcorr. pcorr.

B1 B2 B2 B3 B1 B3

Cr 874 1404 1.215 0.224 1924 2829 -1.681 0.093 902 2024 0.187 0.852

LPL1 547 1731 -3.103 0.002 2190 2563 0.246 0.805 641 2285 -2.765 0.006

LPL2 784 1494 0.026 0.979 2380.5 2372.5 1.627 0.104 992.5 1933.5 1.210 0.226

CL 728.5 1549.5 -0.859 0.390 2389 2364 2.229 0.026 951 1975 1.066 0.287

DD 743.5 1534.5 -0.858 0.391 2255.5 2497.5 1.310 0.190 892.5 2033.5 0.169 0.866

S 831 1447 0.647 0.518 1999 2754 -1.138 0.255 829 2097 -0.639 0.523

LPS 1011 1267 3.024 0.002 2462 2291 2.217 0.027 1263 1663 4.268 <0.001

F 752.5 1525.5 -0.390 0.697 2513 2240 2.607 0.009 1052 1874 1.903 0.057

Q 697 1581 -1.122 0.262 1864.5 2888.5 -2.112 0.035 652.5 2273.5 -2.635 0.008

MQ 611 1667 -2.327 0.020 2193 2560 0.273 0.785 723.5 2202.5 -1.904 0.057

S/Cr 705.5 1572.5 -1.010 0.312 2370 2383 1.551 0.121 875 2051 -0.119 0.905

Cr/C 944 1334 2.139 0.032 2026 2727 -0.942 0.346 1008 1918 1.385 0.166

A/B 717 1561 -0.858 0.391 2385 2368 1.659 0.097 885 2041 -0.006 0.995

F/Cr 755.5 1522.5 -0.350 0.726 2518.5 2234.5 2.644 0.008 1058 1868 1.968 0.049

N – num ber of sam ples in com pared groups, Z corr. – value of the corr. test, p corr. – level of sig nif i cance cal cu lated for Z corr.; sig nif i cant val ues are bolded



er rat ics from Sm¯land was de ter mined in sam ples from Göt-
schendorf (site No 27 in Fig. 1), Althüttendorf (28), Golice
(37), Strzelczyn (46) and Trzciñsko Zdrój (47).

More over in the ex am ined de pos its of the Odra Lobe
some er rat ics of the sed i men tary rocks were also found (in -
clud ing quartzites as well). The most fre quent of them are
Kalmarsund sand stones [7], Tessini sand stones [8] and Väs-
tervik quartzites [9]. The sed i men tary er rat ics are more fre -
quent in the Ger man part of the re search area (e.g. Althütten-
dorf (site No 28 in Fig. 1), Buchholz (35), than in the Polish
one.

In grav els of the Odra Lobe, er rat ics from the par ent
Scania–Blekinge–Born holm area are ob served ev ery where.
First of all these are Hardeberga sand stones [10] and Höör
sand stones [11]. They oc cur in all 23 sam ples of the Odra
Lobe grav els. Iso lated Karlshamn gran ites from Blekinge
[12] (e.g. Che³m Górny – site No 38 in Fig. 1) as well as gran -
ites from Born holm [13] (e.g. in Nawodna – 45, Golice – 37,
Strzelczyn – 46) were de ter mined. Mag matic in di ca tor er rat -
ics are def i nitely less fre quent in the whole region.

Great dis tance be tween the de po si tion area and the
source area may be the cause why the rocks from Dalarna
(e.g. Dalarna por phyry [14], Grönklitt porphyrite [15]) sel -
dom ap pear among in di ca tor er rat ics of the Odra Lobe. It is
also pos si ble that the less fre quent oc cur rence would be as so -
ci ated with the youn gest ice-stream. In the Up per Vistulian
this Bal tic Ice-stream was ad vanc ing from the Bal tic Sea re -
gion, and by pass ing cen tral Swe den. Such a pro cess was ear -
lier sug gested by Kj³r et al. (2003).

�land gran ites and por phy ries [16] show them selves in
lit tle amounts in the in ves ti gated sam ples. 1–3 ex am ples is an 
av er age num ber of these er rat ics in a sam ple. Most of the
�land er rat ics were found in sub re gion B2 (e.g. sites Che³m
Górny – site No 38 in Fig. 1, £aziszcze – 39, Nawodna – 45,
Strzelczyn – 46, Trzciñsko Zdrój – 47). Not a sin gle er ratic
from the �land Is lands was de ter mined in orig i nat ing within
the main limit of the Pom er a nian Phase of sub re gion B3.

Fur ther more, in the ana lysed coarse-grained grav els of
the Odra Lobe some in di vid ual ex am ples of in di ca tor er rat ics 
were no ticed. These are the ex am ples from the out crops in
Uppland (Uppsala gran ite [17], Stock holm gran ite [18]) as
well as from the out crops of cen tral Bal tic Sea (dark brown
[19] and red Baltic porphyry [20]).

Bas ing on anal y sis of the Scan di na vian er rat ics for each
sam ple of the coarse-grained grav els, the The o ret i cal Boul -
der Cen tre TBC (Ger man: TGZ, Lüttig 1958) was cal cu lated.
TBCs of the ma jor ity of the Odra Lobe in di ca tor er rat ics oc -
cur in the com par a tively com pact area be tween 14.8°E–
16.5°E and be tween 56.5°N–58.5°N, so they are placed ex -
clu sively in Sm¯land (black di a monds in Fig. 5). It is a proof
of the ef fec tive gla cial pluck ing in south-east ern Swe den.
That is not the only area on the south ward trans gres sion route 
of the gla cier dur ing the Pom er a nian Phase. Pres ence of sta -
tis ti cal er rat ics in di cates that the ice-sheet moved over other
out crops as well.

Dis tant from the area pre sented above are the the o ret i cal
boul der cen tres TBC cal cu lated for five sam ples of the sub re -
gion B2 grav els (black cir cles in Fig. 5). These gravel sam -
ples were taken in the re treat zone of the Angermünde–
Chojna Subphase (Kozarski 1965, Dobracka, Piotrowski
2003).

ANAL Y SIS OF STA TIS TI CAL ER RAT ICS

Apart from in di ca tor er rat ics the er ratic ma te rial of the
20–60 mm frac tion from the re search area en com passes also
sta tis ti cal er rat ics. The most nu mer ous group among them
con sti tute Lower Palaeozoic lime stones; their per cent age
fluc tu ates in the 30–40% range. Sand stones are the sec ond
group as re gards the num ber (15–25% on av er age). Sta tis ti -
cal er rat ics in clude also flintstones (2–3% on the whole),
rarely oc cur ring Cre ta ceous lime stones as well as Palaeo-
zoic shales, ap pear ing in the Uckermark grav els solely. As a
rule quartz does not show it self in the frac tion of 20–60 mm
(Schulz 1973).

Be sides statistical er rat ics there are un de ter mined crys -
tal line rocks in the er ratic ma te rial. These rocks may the o ret i -
cally orig i nate from all over the Bal tic shield. They make
around 30–40% of all ana lysed coarse-grained grav els. The
num ber of these er rat ics is in in verse pro por tion to the num -
ber of Lower Palaeozoic lime stones.

SUM MARY

The con ducted re search in di cated which rocks are the
most nu mer ous among grav els of the 4–10 mm frac tion in
three sub re gions (B1, B2, B3) of the Odra lobe. These are
crys tal line rocks (Cr) and Lower Palaeozoic lime stones
(LPL1), per cent age of which in both cases amounts to about
40% in the ex am ined sam ples. The third petrographic type as
re gard the num ber are sand stones (S), per cent age of which
co mes on av er age to 15%. The re main ing petrographic types
oc cur up to few per cent each: Lower Palaeozoic shales (LPS) 
from 7.6% in Uckermark to 3.5% in the Choszczeñskie and
Iñskie Lakelands, quartz (Q) – 1.8–3.3% re spec tively and
flintstones (F) – 1.2–0.8% respectively.
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Fig. 5. Lo ca tion of teoretical boul der cen tres TBC of the in di ca -
tor er rat ics: 1 (Ê) – within the main exaration area (sam ples taken
from the glaciomarginal zone of the Odra lobe), 2 (Ý) – out side the
main exaration area (sam ples taken from the Ange- rmünde–Chojna 
re ces sional zone in the Soldin Lakeland).



The sta tis ti cal anal y sis proved that the petrographic
com po si tions of the B1, B2 and B3 sub re gions dif fer es sen -
tially, con cern ing only:

1. con tent of grey lime stones and Lower Palaeozoic
shales, milk quartz as well as the petrographic in di ca tor Cr/C
in grav els of Uckermark (B1) and Myœliborskie Lakeland
(B2),

2.  less nu mer ous petrographic types such as Cre ta ceous 
lime stones, Lower Palaeozoic shales, flintstones and quartz
as well as their de rived petrographic in di ca tors (F/Cr), which
dif fer en ti ate grav els of the Myœliborskie Lakeland (B2) and
the Choszczeñskie/Iñskie Lakelands (B3),

3. grey lime stones and Lower Palaeozoic shales, quartz
as well as two petrographic in di ca tors: F/Cr, due to which the
sub re gions Uckermark (B1) and the Choszczeñskie/Lake-
lands (B3) dif fer.

The anal o gous sta tis ti cal anal y sis com par ing the main
re gions A, B and C (Górska-Zabielska 2008) showed more
sig nif i cant dif fer ences of petrographic com po si tion fea tures
be tween the re gions than within the re gion B (the Odra lobe)
it self. Hence it seems rea son able to sug gest a close petrogra-
phic sim i lar ity of grav els of the 4 – 10 mm frac tion in the
Odra Lobe deposits.

Anal y sis of the 20–60 mm grav els showed that the
Sm¯land gran ites are the most fre quently iden ti fied in di ca tor
er rat ics. They are ac com pa nied with sand stones or quartzites
from the same source area. Large group of in di ca tor er rat ics
orig i nates from re gion of Scania–Blekinge–Born holm. Also
er rat ics from Dalarna in cen tral Swe den oc cur quite of ten.
�land er rat ics, al though eas ily iden ti fied, ap pear in iso lated
amounts. Oc ca sion ally, in di ca tor er rat ics orig i nat ing in the
out crops of Uppland and in the bot tom of cen tral Bal tic Sea
are also found.

The o ret i cal boul der cen tres (TBC) of most in di ca tor er -
rat ics in the Odra Lobe are lo cal ized in the com pact area
within Sm¯land. Grav els de pos ited dur ing the Angermünde– 
Chojna re treat gla cier phase must have been sub jected to the
gla cial pluck ing in the Scan di na vian out crops other than the
grav els of the main ad vance of the ice-sheet in its Pom er a nian 
Phase. It is proved by their the o ret i cal boul der cen tres sit u -
ated to the north ern east of Sm¯land.

Sum ming up, it can be con cluded that the part of the
Scan di na vian ice-sheet re spon si ble for the Odra Lobe for ma -
tion in the Up per Pleni-Vistulian, at first must have been
mov ing over the out crops of rocks in south-east ern Swe den
and west ern part of cen tral Bal tic Sea. Con sid er ing the num -
ber of er rat ics orig i nat ing from the out crops of men tioned ar -
eas, one ar rives at a con clu sion that exaration was the big gest
there. It is ob vi ous that fre quent oc cur rence of rocks could be
caused by a large area of out crops as well as by their big ger
sus cep ti bil ity to the weath er ing which made the incorpora-
tion process into an ice-sheet easy.
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