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Ab stract
In the gla cial de pos its of the Pol ish Low land, there are er ratic boul ders drifted with the last con ti nen tal ice sheet. Their
out crops are situ ated in the Bal tic Shield area as well as south of it, in the bot tom of the cen tral and south ern Bal tic Sea. 
In di ca tor er rat ics, sta tis ti cal er rat ics and the oth ers can be dis tin guished in coarse- gravels as so cia tions. The stud ies on
iden ti fi ca tion of the in di ca tor er rat ics are de signed for speci fi ca tion of the Scan di na vian and Bal tic ali men ta tion cen -
tres of gla cial tills of dif fer ent age and their flu vio gla cial coun ter parts; they are also aimed at de ter min ing the di rec tion 
of the dis tant trans port as well as the ice- sheet and its streams’ trans gres sion routes to the depo si tion places. Ef fec tive -
ness of the analy sis de pends to a large ex tent on the cor rect clas si fi ca tion of er rat ics, and this abil ity hap pens in turn to
be bur dened with a sub jec tive evalua tion of the clearly visi ble fea tures of an er ratic. In the pres ent pa per, an at ten tion
is paid to ad van tages and dis ad van tages of the analy sis on the in di ca tor boul ders of the gla cial de pos its.
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IN TRO DUC TION

The term “er ratic” in the Qua ter nary ge ol ogy char ac ter -
izes a boul der dragged by an ice- sheet or a gla cier, de pos ited
in the gla cial till and the flu vio gla cial de pos its at a cer tain dis -
tance from the place of its ori gins. The Scan di na vian Pen in -
sula, Fin land, the Bal tic Sea ba sin and the Bal tic coun tries are 
the mother ar eas for the er rat ics found in Po land.

Not all er rat ics have the same in dica tive mean ing of an
ice- sheet trans gres sion di rec tion. There are so called in di ca -
tor er rat ics (Ger man das Leit geschiebe; Korn 1927, Lüt tig
1958) as well as sta tis ti cal er rat ics (er rat ics with lim ited in -
dica tive mean ing) (Ger man das sta tis tische Leit geschiebe;
Smed 1989) among them. The other er rat ics are not use ful for 
de fin ing the ice- sheet trans gres sion di rec tion.

“In di ca tor er ratic” is a rock of pre cisely lo cal ized, with
de fined long ti tude and lati tude, the only out crop known to -
day, bas ing on which a source of a boul der ori gin can be de -
ter mined un am bi gu ously and be yond any doubt. Its identi-
fi ca tion thanks to its clearly visi ble fea tures can not cre ate any 
greater dif fi cul ties (e.g. Bred vad por phyry, Växjö gran ite or
Tes sini sand stone; Fig. 1A).

“Sta tis ti cal er ratic” (er ratic with lim ited in dica tive
mean ing) is a rock un am bi gu ously de ter min able, dif fer ring
from the in di ca tor coun ter part by the fact that it has more than 
one mother re gion or/and this re gion oc cu pies rela tively
large area. Such er rat ics are e.g. Lower Pa laeo zoic lime -
stones, Jot nian sand stones, Palaeo porella lime stones (Fig.
1B).

Stud ies of in di ca tor er rat ics (e.g. Dyke, Mor ris 1988,
Stokes, Clark 1999, 2001, Gór ska 2000, 2002a, b, 2003a, b,

Czubla 2001, Ga³¹zka 2002, 2004, Kjær et al. 2003, WoŸniak
2004) are ap plied in or der to: a) spec ify the Fen noscan dian
and Bal tic ali men ta tion cen tres of dif fer ent age tills and their
chro nos tra tigraphi cal coun ter parts – flu vio gla cial sedi -
ments, de pos ited in the Pol ish Low land (Fig. 2); b) de ter mine 
di rec tion of the dis tant trans port as well as the trans gres sion
route of the ice- sheet and its in di vidu al ized streams; c) com -
plete the data con cern ing the dy nam ics and the ice foot ther -
mal con di tions.

The re sults of analy sis of in di ca tor er rat ics may be pre -
sented in ta bles, where number and type of the in di ca tor er -
rat ics origi nated in par ticu lar source re gions of Fen noscan dia 
are dem on strated next to each other. The best way of pres en -
ta tion, how ever, is by draw ing a map with cir cles which cen -
tres are in the mid dle of the mother re gion and which
di ame ter de pends on the number of in di ca tor er rat ics that are
de rived from this out crop (cir cle maps – Smed 1993, 1997,
2000). The cir cle map is com pleted with mark ing the theo -
reti cal boul der cen tre (TBC = TGZ, das Theo re tische
Geschie beZen trum, Lüt tig 1958), with geo graphi cal co or di -
nates cal cu lated as av er ages of the source re gions of all in di -
ca tor er ratic rocks, pres ent in the ana lysed sam ple. The
meth ods above con cern merely 10% of the popu la tion of all
er rat ics in the sam ple, that is why they should not be the only
source of in ter pre ta tion of the dis tant trans port di rec tions of
the rock crumbs. In con clu sions it is ab so lutely nec es sary to
take into con sid era tion the in for ma tion in cluded in the re -
main ing part of the ana lysed sam ple (Gór ska 2003a) as well
as to take into ac count es sences con nected with the struc tural
and tex tural fea tures of the gla cial de pos its (e.g. Lüt tig 1995,
Rüh berg 1999, Gór ska 2000).



THE REC OG NI TION SKILL

Dur ing iden ti fi ca tion of the er ratic ma te rial of the coarse
grav els (20–60 mm, peb bles to cob bles, ac cord ing to Wen -
tworth 1922) some mis takes may ap pear as a re sult of the
sub jec tive evalua tion of clearly visi ble fea tures of an er ratic
(Gór ska et al. 2001). The fa cial di ver sity of one type rock,
ob served in the mother re gion even at a short dis tance, might
cru cially in flu ence the dif fer ent clas si fi ca tion of the same er -
ratic, which cov ered the dis tance of e.g. a few hun dred kilo -
me tres from its mother re gion. Ac cord ing to Vinx (1995) the
ques tion is not in the dif fi culty in rec og niz ing one or two er -
rat ics. How ever in case of in di ca tor rocks im por tant is stat ing 
the ex is tence of the larg est pos si ble number of rocks de rived
from one mother re gion (so called se ries, suite, lead ing se -
quence). Such set fea tures are very eas ily rec og niz able. As a
given ali men ta tion cen tre is get ting bet ter and bet ter rep re -
sented by the er rat ics char ac ter is tic of it, in for ma tion about
the site of ori gin of a rock suite and the ice stream trans gres -
sion route is be com ing more con vin ci ble than the pres ence of 
sin gle er rat ics de rived from any where in Fen noscan dia.

The few est clas si fi ca tion prob lems among er rat ics are
caused by rhyo lites (called por phy ries non- formally) ow ing
to their char ac ter is tic legi ble tex ture. The in di ca tor sand -
stones are most dif fi cult to de fine. The in di ca tor er rat ics are
clas si fied ac cord ing to the up- to- date knowl edge (Vinx
1996, 2002, Geis ler 1996). The pos si bil ity that a given in di -
ca tor er ratic could origi nate in some other out crop, apart
from that only one known to day, is not taken into ac count.
The at ten tion is rarely paid to that, in the geo logi cal past, lo -
ca tions of the ali men ta tion re gions were dif fer ent from the
present- day ones and the sur faces of the er rat ics out crops
were big ger than known to day. On the other hand, it is known 
(Aman tov 1995), that the de pos its from 25 to 150 m thick
have been car ried away from the bot tom of the Bal tic Sea ba -

sin. Fur ther more there are re gions which have been stud ied
only par tially and su per fi cially un til now and/or the in for ma -
tion about their ge ol ogy is not al ways well- known to the re -
search ers. The er rat ics de rived from the older gla cia tions,
which change their spec trum when be ing re de pos ited into the 
younger sedi ments, can not be cate go rized at all.

The rocks younger than the Pa laeo zoic ones, com ing
mainly from the Ju ras sic (Ga³¹zka 2004), and the Cre ta ceous
and the Palaeo gene pe ri ods (in clud ing flint stones also) must
also be found in the ana lysed gla cial ma te rial in Po land. Their 
out crops are situ ated un der the Pleis to cene rock sys tem to the 
south of the Bal tic Shield, in the area of Den mark, and Ru gia
(Rügen), in the bot tom of the Bay of Gdañsk and in the bed of
the Lower Vis tula val ley as well as in the bot tom of the south -
ern Bal tic Sea be tween the coasts of the north- western Po -
land and Sca nia (Skåne) (e.g. Pet ters son 2002, Gór ska 2003a, 
Schulz 2003, Ga³¹zka 2004).

In cate go ri za tion of in di ca tor er rat ics the sev eral at lases
are help ful (Korn 1927, He se mann 1975, Smed/Eh lers 1994,
2002, Zand stra 1999, Schulz 2003, Ru dolph 2005, Czubla et
al. 2006). They pri mar ily in clude crys tal line in di ca tor rocks,
and sedi men tary ones in not a big range. The authors of these
at lases do not con sider the rocks origi nated in Lithua nia, Lat -
via or in the vi cini ties of Ka lin in grad, which cer tainly oc cur
in the gla cial de pos its of east ern Po land. La bel lings of in di -
ca tor er rat ics are veri fied with the model rocks lo cated in the
col lec tions of the sci en tific in sti tu tions, among them: in Geo -
logi cal Mu seum of the In sti tute of Geo logi cal Sci ences of the 
Pol ish Acad emy of Sci ences – Cra cow, in De part ment of Ge -
ol ogy of the Uni ver sity of £ódz, De part ment of Geo mor -
phol ogy and Qua ter nary Ge ol ogy of the Uni ver sity of
Gdañsk, In sti tute of Palaeo geog ra phy and Geoe col ogy of the 
Adam Mick iewicz Uni ver sity – Poznañ, Niedersäch sisches
Lan de samt für Boden for schung – Han nover, In sti tut für
Geolo gische Wis sen schaf ten Uni ver sität Greifswald.
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Fig. 1. Lo ca tion of mother re gions of the se lected in di ca tor er rat ics (A) and (writ ten in ital ics) the sym bolic lo ca tion of cen tres of mother
re gions of the se lected sta tis ti cal er rat ics (B) upon the large out crops of the sta tis ti cal er rat ics.



SAM PLE SIZE AND FA CIES CHOICE
QUES TION

Cor rect re sults of analy sis of in di ca tor er rat ics are
achieved on the ba sis of ap proxi mately 50 iden ti fied in di ca -
tor rocks (Smed 1993). Since merely 10% of er rat ics are in di -
ca tor ones (Meyer 1983), the sam ple to gether with car bon ate
rocks and flint stones ought to con tain not less than 500 speci -
mens, which is un doubt edly a draw back of this method. Ob -
tain ing so large popu la tion gets still more dif fi cult if the
er rat ics de rived from tills are stud ied. Ac cord ing to Pura nen
(1990) the best con di tions for trac ing the er rat ics ori gin oc cur 
in ba sal lodge ment till. How ever the lat est re search (Lüt tig
1999, Gór ska 2002a, b, 2003a, 2005, Rut kowski 2005) sug -
gest that analy sis of the gla cial till could be sub sti tuted by
pet ro graphic analy sis on rock de bris of the flu vio gla cial de -
pos its with chro nos tra tigraphic po si tion es tab lished to the
same age. The dif fer ences that ap pear in the quan ti ta tive
com po si tion of pet ro graphi cal types are a re sult of longer
trans port of the flu vio gla cial de pos its than of the gla cial till
(Lil lie sköld 1990) as well as of the ad di tional sort ing fac tor,
that is wa ter. Any way, con tinua tion of pet ro graphi cal re -
search of the flu vio gla cial fa cies is nec es sary in or der to con -
firm or re ject this hy pothe sis.

One may try to de ter mine the di rec tions of the ice- sheet
ad vance ments on the ba sis of the smaller popu la tion of the
in di ca tor er rat ics if the data are com pleted with sta tis ti cal er -
rat ics analy ses nu mer ous enough (e.g. Gór ska 2003a, b).

ER RAT ICS IN GLA CIAL DE POS ITS –
EX AM PLES OF THE TWO EX TREME SITES

OF THE POL ISH LOW LAND

As an ex am ple, the re sults of stud ies of er rat ics found in
two ex treme field sites in Po land are pre sented. As so cia tions
of in di ca tor and sta tis ti cal er rat ics, de rived from the stra -
tigraphi cally di verse beds of gla cial till, have been stud ied
there. The War ta nian till in Koczery (Gór ska 2000b, 2003b)
in the Pod la sie Low land and the Pom era nian Phase till of the
last gla cia tion in Na wodna have been sam pled. The sam ples
are of simi lar number both in the in di ca tor er rat ics group and
in the sta tis ti cal ones. The simi lar ity can be also traced in the
rep re sen ta tion of three mother re gions in both sam ples, i.e.
Åland Is lands, Da larna and Småland, with the res er va tion that 
the per cent ages of the in di ca tor er rat ics in both sites are dif -
fer ent. The dif fer ences be tween ana lysed spec tra of er ratic
rocks ap pear also in the sta tis ti cal er rat ics as so cia tion. Sta tis -
ti cal er rat ics from Na wodna are: Da larna sand stones and the
Cre ta ceous or Pa leo gene age flint stones, oc cur ring in the
whole south ern Bal tic Sea bed from Den mark up to the Ka -
lin in grad Dis trict (Fig. 1). In Koczery not a sin gle one
Dalarna sand stone has been ob served, how ever De vo nian
dolo mites, which are miss ing in Na wodna (Fig. 2), com -
monly oc cur there.
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Fig. 2. Mother regions of the indicator erratics (shown by circles) and the symbolic location of the centre of mother regions of the selected
statistical erratics (hachure circle) of the Pomeranian Phase till in Nawodna (the Myœlibor skie Lakeland) and of the Wartanian till in Koczery
(the Podlaska Lowland). Areal hachure – confer the legend in the Fig. 1; numbers stay for erratics: 1 – Bredvad porphyry, 2 – Siljan granite, 3
– Haga granite, 4 – Åland granite, 5 – east-Baltic limestone with a distinct “fat” fracture, 6 – Jotnian sandstones, 7 – the Palaeoporella
limestone, 8 – red Ordovician limestone, 9 – Påskal lavik porphyry, 10 – Kalmar sandstones, 11 – Bohus granite, 12 –Dalarna sandstones, 13
– Devonian dolomites. Location of the TGZ is shown by squares – (Na wodna): j 58.7°N l 17.4°E, TGZ (Koczery): j 59.0°N l 18.0°E.
Statistical erratics are listed in italics.



CON CLU SIONS

The re search into Fen noscan dian er rat ics of coarse grav -
els is an ex cel lent ex ten sion of the li tho fa cial analy sis
(Kasprzak, Ko zar ski 1984) and thus pres ents its great ad van -
tage. Analy sis of in di ca tor er rat ics com pletes the data con -
cern ing the dy nam ics, ice foot ther mal con di tions, alimen-
ta tion re gion and ice- sheet trans gres sion route. It also sup -
ports, de ter mined on the ba sis of stony co ef fi cients, the
conclu sions about di verse ali men ta tion cen tres of the gla cial
tills and, as far as age is con cerned, the cor re spond ing flu vio -
gla cial de pos its. The re search into the er rat ics con firms the
dis tant trans port and de fines the ice streams trans gres sion
routes.

For ex am ple, be fore the con ti nen tal ice sheet of the War -
ta nian stage of the Mid dle Pol ish (Riss) gla cia tion reached
the vi cin ity of Koczery (Fig. 2), it had been pluck ing and in -
cor po rat ing rocks of Åland Is lands, Bal tic Sea ba sin, Bal tic
coun tries and south- eastern coasts of the present- day Swe -
den. A sin gle speci men of Bred vad por phyry from Da larna
which turned up within the spec trum of de pos its trans ported
dur ing this phase to the Pod la sie area, could have origi nated
in the ear lier ad vance ments of the Pleis to cene ice- sheet or it
might have got into the main ice stream to gether with the
sedi ments of the pro to riv ers drain ing the cen tral part of Swe -
den. The theo reti cal boul der cen tre cal cu lated for the gla cial
till in di ca tor er rat ics in Koczery is lo cated at: j 59.0°N l
18.0°E.

The ice stream of the Pom era nian ice sheet must have
moved over the out crops of rocks of Åland Is lands, east ern
part of Småland and the ad ja cent shelf of the Bal tic Sea. It
eroded and in cor po rated Haga and Åland gran ites, Påskal -
lavik por phy ries, Kal mar sand stones, Palaeo porella and red
Or do vi cian lime stones. Sin gle in di ca tor er rat ics com ing
from Da larna (Bred vad por phyry, Sil jan gran ite) are as so ci -
ated with sta tis ti cal er rat ics (Da larna sand stones). The theo -
reti cal boul der cen tre cal cu lated for in di ca tor er rat ics in
Na wodna is lo cated at: j 58.7°N l 17.4°E. No com pari son
may be un der taken, be cause the de pos its of the two study
sites dif fer chro nos tra tigraphi cally.

The re searcher who makes an at tempt to carry out the
pet ro graphi cal analy ses of the gla cial de pos its needs to take
into ac count many short ages of this method.

1. The choice of li tho fa cies does ex ert an in flu ence on
the fi nal pet ro graphic com po si tion of the stud ied gla cial de -
pos its. How ever, the new est re sults of pet ro graphi cal re -
search (Gór ska 2000b, 2002b, 2003b, 2005) in tills and
flu vio gla cial de pos its, their chro nos tra tigraphic coun ter part,
make up new op por tu ni ties in petro grafic analy ses.

2. The sam ple popu la tion must be sta tis ti cally rep re sen -
ta tive, i.e. it must in clude at least 500 speci mens and the site
should be suita bly sam pled.

3. De ter min ing zones in which the de pos its pluck ing of
an ice- sheet pro ceeded de pends on the cor rect cate go ri za tion
of an er ratic and re lat ing it to the mother re gion of Fen -
noscan dia. The re searcher ought to mas ter pro fi ciently the art 
of dis tin guish ing on the ba sis of clearly visi ble fea tures at
least 50 in di ca tor er rat ics and be aware of the oc cur rence of
their mother re gions.

4. The re search is ardous and long- term. Large sam ples

should be ana lysed in the field only, over the wa ter body,
where rinsed on the sieve, they are ade quately clas si fied.
Con stant veri fi ca tion of the se lected in di ca tor er rat ics with
the at lases and col lec tions of the ref er en tial er rat ics is nec es -
sary. A spe cial at ten tion should also be paid to sta tis ti cal er -
rat ics, be cause of their ad di tional, sup port ing role in
de ter min ing the trans gres sion routes of an ice- sheet/ice-
 stream (Gór ska 2003c).
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