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Attempt of lithostratigraphic correlation of tills in northeastern Poland 
and southern Lithuania 

Stanislaw LlSICKI 

Lisicki S. (1998) - Allempt or li thostmligmphic com:lalion of lills in northeastern Poland and southern Lithuania. Geo!. Quart., 42 (2): 
16t- I72. Warszawa. 

Silt boreholes have been complcted in the Polish- Lithuanian borderland. S:lmples of tills were collected to petrogmphie analysis ofgrnvels 
5-10 mm in diomeler. Petrographieelw:lcterist ics of tills were compared with lithotypes from central part orthe Mazury Lnlte lnnd and the 
August6w Lowland. Strnfigraphic position of tills has been de fined and then. the rcsu][s were recaJeu lal.ed with application ortlle Lithuanian 
petrographic method. CompOllllive study indicated that there is no strutigraphic eom:larion between tills in southern Lithuania nnd 
northeaste rn Poland. 
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INTRODUCTION 

Similar methods of evaluation of diagnostic features of 
lills have been applied for years, both in Poland and Lithuania. 
These features !Ire fundamental for lithoslratigraphic correia· 
tion of Pleistocene sediments. Methods are similar, being 
based on the same substantial assumptions (A. I. Gaigalas, 
1979; J. Rzechowski, 1971). Since a quantitative evaluation 
of petrographic components, leading in lithostratigraphic 
correlation, is different in both countries, no direct strati· 
graphi c correlation could be made between geological 
profiles in Poland and Lithuania so far. As an entirely unifonn 
research method could not be developed previously, this 
paper presents a comparison of both methods. An attempt is 
also made to draw stratigraphic conclusions based on lithos· 
tratigraphic correlations of tills in the Polish-Lithuanian bor
derland . This study is a result of cooperation between the 
Polish Geological Institute in Warsaw with the Lithuanian 
Geological Institute in Vilnius and with Professor Dr. A. I. 
Gaigalas (Vilnius University). 

METHODS 

A standard lithologic·petrographic study of Pleistocene 
sediments collected from drilling cores has been continued in 
Poland for years for needs of the Detailed Geological Map 
of Poland in scale of 1:50000 (J. Rzechowski. 1971, 1974). 
Such a study comprises the analyses of grain size, petrography 
of gravels in tills, heavy minerals, roundness of quartz grains 
in sands. and content of carbonates. Some other detenni na
tions are occasionally done; pH, chemical composition, con
ten t of mi croe le me nts a nd fe ldspars. Petrog raphi c 
composition of gravels (5-10 mm in diameter) in tills was 
found the most applicable to lithostratigraphy of the Pleis· 
(ocene. It was revealed by J. Rzechowski (see Table I) and 
the author (S. Lisicki, 1996a, b, 1997). 

A. I. Gaigalas (1979) presented a method which is applied 
to lithologic·petrographic study in Lithuania. It comprises 
orientation of gravels in tills (in outcrops), grain size and 
petrographic analysis of gravels from tills (3- 5, 5-7, 7-10 and 
10-30 mm in diameter), composition of heavy minerals (frac· 
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hpplication of analysis to determination of gedfment featurn 
( a h r  J. Rz~howski, anpubl. data) 

+I+ - very distinct determination, M- common determination, +- locd 
determination e.g, in single sections, 7- no systematic examination 

tion 0.25-0.1 mrn), petrography of key Scandinavian eratics 
(fraction > 0.5 cm) and gahemical composition. Analysis 
of petrographic composition of gravels (5-10 mm in 
diameter) from tills is the most applicable for samples from 
boreholes. It is well suitable to lithostratigmphy of tills and if 
accompanied by petrographic analysis of key Scandinavian 
eratics allows, according to A. I, Gaigalas, to construct a 
stratigraphic scheme of the Pleistocene in Lithuania, 

PETROGWHIC ANALYSIS 

In Poland, petrographic analysis of graveIs (5- 10 rnm in 
diameter, 100 grains in a sample) from tills (J. bechowski, 
197 1, 1974) gives contents of different groups of Scandina- 
vian rocks (northern- the Palaeozoic and older rocks, as well 
as the Jurassic and Triassic ones which are very rare in Poland) 
i-e. crystalline rocks (Kr), limestones (Wp), dolomites (Dp), 
sandstones and quartzites (F'p), quartz (Qp), and the rocks of 
local origin (Tertiary and Cretaceous ones) i s .  limestones and 
marls (WL), sandstones (PL), siltstones and claystones (Mt). 
Then, petrographic coefficients OK-WW-AIB are calcu- 
lated. They are composed of three coefficients (OK,  WW and 
AlS) that present relations between different Scandinavian 
rock groups in tills, where: 0 - totaI of sedimentary rocks 
(Wp + Dp + Pp + northern shales). K - total of crystalline 
mc ks and northern quartz (Kr + @), W - total of carbonate 
rocks (Wp + Dp), A- total of rocks non-resistant to destruc- 
tion (Wp + Dp + northern shales), B - total of resistant rocks 
(Kr + Qp + Pp). Some publications on lithologic-petrographic 
examination of tiIIs in Poland introduce also a factor DplWp, 
being ratio of northern dolomites to northern limestones and 
of special significance in the Suwalki region (5. A. Czerwon- 
ka, D. Krzyszkowski, 1995). 

Petrographic analysis of gravels (5-10 mm in diameter, 
about 300 grains in a sample) from tills, as applied in Lithua- 
nia, includes the following rocks (A. I. Gaigalas, 1979): 
- crystalline rocks, northern quartz, feIdspars, and sub- 

ordinately quartzites (equivalent roughly in thePoIish method 
to a total of crystalline rocks and northern quartz i.e. Kr + Qp). 
- Jothnian, Palaeozoic and Mesozoic sandstones and 

cccasional siltstones (equivalent in the Polish method to 
northern sandstones Pp), 
- mostly Devonian dolomites (equivalent in the Polish 

method to northern dolomites Dp), 
- two groups of limestones: the first group of orga- 

nogenic ones of the Ordovician and Silurian. and the other 
group of the Palaeozoic, Triassic and Jurassic (a total of 
northern limestones Wp in the Polish method), 
- predominant Cretaceous rnarls (in the PoIish method 

roughly equal to the a11 local rocks -mostly Cretaceous and 
Palaeocene limestones and mads. difficult to separate from 
one another WL + Pt + ML). 

In the Lithuanian publications, contents of the mentioned 
rocks is commonly presented with a use of bar graphs {A. I. 
Gaigalas, 1979). In the same way as in the Polish method, the 
100% content of such bars is completed by other constituents 
like flints, Eydites, phosphorites and others. A. I. Gaigalas 
(1979) presents results of petrographic analysis also with a 
use of histograms that indicate contents of gravels of different 
rocks in particular tills, in relation to averagecontents of these 
gravels as calculated for all the tiIIs in many sections within 
the area. 

The other coefficient Ko-V-K2 is occasicnsllIy applied by 
the Lithuanian geologists ta petrographic studies: defines 
ratio of doIomites to the Ordovician and Silurian limestones, 
V is a ratio of dolomites and of other sedimentary rocks, and 
Kz is a ratio of crystalline rccks with quartz and quartzites to 
all sedimentary rocks. Furthermore, index S is occasionaIly 
calculated as ratio of dolomites to sandstones. 

Geological material was collected from 6 boreholes Io- 
ca t4  in the Polish-Lithuanian borderland near Wizajny, Su- 
waiki Lakeland (Fig. 1). Five boreholes on rhe Polish side 
were done for needs of the DetaiIed GeoIogical Map of 
Poland in scale of 150 000, the sheets zytkiejmy, Wiiajny 
and Poszeszupie. These bereholes ace designated: Zytkiejmy 
Forestry Headquarters (Zytkiejmy F. H.), Zytkiejmy, Bolcie, 
Stankuny and Poszeszupie. The sixth hrehole (Norvydai) 
was done on the Lithuanian side. Its profile was examined 
within the joint Polish-Lithuanian cooperation "The 
Yotwings belt - afragrnent ofGreen Lungs of Europe". The 
Polish borderland has been already mapped in scale of 
1:25 000, and the mentioned cooperation resulted in the Ge- 
ological Map of Northeastern Polandand Southern Lithuania 
in scale of 1 :200 000. 
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GEOLOGICAL RBSEARCH 

Geological matetial for lithologic-petrographic study was 
collected from five bareholes situated on the Polish side of the 
border (2. Fert, 1987; Z .  Fert, K. Pruszek, 1984). Samples 
from the borehole in Lithuania were examined at the Polish 
Geological Institute in Warsaw (K. Gronkowska-Krystek, S. 
Lisicki, 1996), and interpretation of results was done with 
reference to previous lithologic-petrographic studies, mainly 
of the central Mazury Lakeland (S. Lisicki, 1996a) and also 
of theMrgowo LakeIand (S. Cisicki, 19966,1997) (Table 2), 
of the Augustdw Lowland (J. A. Czerwonka, D. Krzyszkow- 
ski, 1995) and of the other areas (J. Rzechowski, 1974,1977, 
1986). 

It was in 1995 when A. I. Gaigalas handed over to the 
Polish party a histogram, showing with average petrographic 
composition of gravels and its differences for particular tills 
(Fig. 2). The histogram presented results of the study in the 
ViItytis region in the Lithuanian-Russian borderland (Fig. 1). 
Quantitative data are presented too (Table 3). The same 
method was applied to the six boreholes (Table 4) and the 
results were presented (Fig. 3), together with the author's 
lithoskatigraphic correlation of tills of the Witajny region 
(Table 5) and reference to the A. I. Gaigalas' correlation for 
the ViHtytis region, against a sb-atigmphic scheme of the 
Pleistocene in Poland and Lithuania after J. Satkunas et al. 
(1996) (Table 5).  

Fig. 1 .  L o ~ t i w  of the study areaand boreholes 
Z F. H. - Zytkiejmy hmtry Headquarters. 2 - &tkiejmy, B - Iolcie, S 
-Stmkuny, N -Norvydai, P-Poszeszupie; a-study area, b-reference 
a n i n  thecenlnlMmryLakelmd,c-study areaintheAugust6w Lowland 
tobliwcjaobszaru badari i otwordw wiertnicych 
z F. H. - krtkicjmy NadleSnictwo, z - kytkiejmy, B - Bolcic, S - 
Stankuny, N - Norvydai, P - Poszeswpie; a - obszar bndari, b - 
pordwnywany obsm  bad^ gmlogimych centralnej mSci Pojeziem Ma- 
wrskiego, c --obsmcytowanych badah z Niziny Augustowskiej 

WP 
(Ordovjcian 
and S~lur~an) 

WP 
(others) 

WL+ PL+ ML 
(mainly 
Cretaceous 

Fig. 2. Averngc pctmgmphjc composition of gravels for pruticular tills in the 
ViZtytis region (Lithuanian-Russian borderland), a h  A. 1. Gaigalns (pets. 
comm.) 
TiIls of the following glaciations: f -Dzukija. 2 -Dainaw 3 - 5rnaitijs 
4- Medininkai; stadials of Nemunas Glaciation: 5 - Gmdn, 6 - BaItUa; 
see text forpwrographic symbols 
Uiredniony sktad petrograficzny i &nice zawartodci %r6w hinych rndza- 
j6w skal dlaposzczeg6lnych kompleks6w glio zwatowych z rejonu ViStytis 
(pogranicze litewsk~myjskie) wedlug A. I. Gaigalasa (inform. ustna) 
Gliny d o w c  zlodowacen: 1 - Dzukija, 2 - Dainnva, 3 - hmaitija, 4 
- Medininkai; stadiaiy zlodownccnia Nemuns: 5 - Gmda, 6 - Baltija: 
syrnbole petrognfic~ne patnleht 

Ti1 Is in the examined borehole sections represent separate 
stadials and glaciations. Tills of the same stadials predomi- 
nantly occur at the same altitude (Fig. 4). Sediments of eight 
glaciations were distinguished and their stratigraphic loca- 
tions were defined according to a proposal by M. D. Ba- 
raniecka (1 990). The consmcted stratigraphic scheme has 
been already successfully applied for the central Mazusy 
Lakeland (S. Lisicki, 19966, 1997). 

Till of the older stadia1 of the Narewian Glaciation was 
noted in three boreholes. It is 3-1 3 m thick, very stiff and grey 
or brown. It contains gravels of local rocks up ta 23%, and the 
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Average resulk ofpetmgmphlc wramlnatlon o l  gravels (5-10 mm In dtam~ter) In dlla from In 32 boreholes 
in the central MezuQ Lekehnd (after S. Lisickl199TI 

* two horizons only; see text foe expIanations 

S t x a t i g r a p h y Pehgrapbical coefficients Me84 contents of gravels (%) Number of boreholes i t h  tius 

GIaciation 

,Vistulian-B 

-- 

with without 
Stadia1 O/K - K/W '- A/8 KT-X~-D~-P~-WL-PL-ML ppeteo~rapbied P D ~ ~ ~ ? ~ ~  

weathered tiUs * 

5* 

- 
- 

gounper-n, 1151-fl,14-1120 fl, ,3545-5-5-3-2-3 15 1 
Wartanian-W 

older-Wi 1,49-0,10-1,35 - 1 -  8 
- 

- 

younger-o2 1,96-0,55-1,~9 i f i - 9 - 3 - 3 - 2 - 3  17 

Odsanian-0 

older-o, 2.70-0~40-2.34 k - 1 1 - 3 - 2 - 2 - 3  15 
-- - 

- 

1 

28-42-8-3-3-3-10 21 1,87-0,80-1.80 Liwiecian-C 
* 

Wilgian- G 

-- 

Sanian-S 

28-37-6-3-2-3- 14 19 
dB, 

- 
1,59-0,71-1,33 

younger-6, 1,14-1,06-0,82 32-21-7-6-7-6-9 14 1 

Nidanian-N 

-- 

Narewian-A 

older-Sl 

younger-?$ 

older-1, 

0,86-1,41-0,61 

1,35-0,82-1,lO 

& 2,03-0,54-1,11 

E-",",b-6-'1-3-10 
E l - 1 - 4 - 7 - 3 - 6  

E - 1 0 - 3 - 8 - 4 - 2  

- 

- 

~ , 9 r ~ - j , ~ 8 - 0 , ~ ~  w-,"-6-5-3-2-12 6 younger -Az 

older-A I 

16 

- 

1 

1 

- 

1,3&0,1&1,25 w 5 - 1 2 - 2 - 3 - 3 - 6  5 
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Pig. 3. Average petrographic composi tlon of gravels for prLicular tills in the 
Wihjny ~ g i o n  (Polish-Lithuanian-Russian borderland) 
Tills of ~ h c  following glaciations: Narewim: I - AI, 2-Az in glacial rafls 
only; Nidanian: 3 - N1 in glacial raFts only, 4- Nz; Simian: 5 - SI, 6 - 
Sz; 7 - Wilgim C; 8 - Liwiecian C Odmian: 9 - 01, IQ - Oz; 
Wartanian: 1 1 - W1.12 - W2; Vistulian: 13 - BI, 14 - Bz: sec text for 
petmgnphic symbols 
U6redniony skhd pztrogmficzny i dinicepw8rtOSci iwir6w r6inych r o d s  
j6w sknt dln poszc7ag6lnych poz ioaw glin zwalowych z rejonu Wiiajn 
(po~aniczepoIsk~litewsko-rosyjskie) 
GIiny zwdowe zlodowaceii: aarwi: 1 - AI, 2 -A2 t y l k ~  w formie p o r n -  
k6w: nidy: 3 - Ul tylko w formie pomak6w. 4 - Nz; sanu: 5 - SI, 6 - 
S2; 7-witgi G; 8-Iiwca C; odry: 9-01,10--0zE warty: 11 -WI, I2 
- W2; wisty: 13 - B1, 14- Bz; symbole petrograficzne pa tekst 

T a b l e  3 

Average content ofgravels 15-10 mm In diameter) in tills from in 
boreholes in the Yltylis region (Lithuanian-Russian borderland) 

See text for p p c ~ p h i c  symbols 

mean petrographic coefficients ate equal to from lc45-0.72- 
1.35 at Zytkiejmy to 2.03-0.53-1.81 at Bolcie. Till of the 
younger stadial of the same glaciation seems to be present in 
the section at Narvydai, being there a thin glacial raft, ern- 
bedded in a till of the youngesstadia1 of the Sanian Glaciation. 
Petrographic coefficients of a single sample of this till are 
equal to 1.1 3-1.1 0-0.75 and doIomite content reaches ap- 
proximateIy 10%. 

Grey and grey-green till of the older stadial of the Nida- 
nian Glaciation m u r s  as glacial rafts only, 9.5-15.0 m thick, 
embedded in a till of theLiwiecian Glaciation. Till of the older 
stadial has been encountered in three sections at ~ytkiejmy F. 
H., zytkiejmy andstankuny (Fig. 4). Mean coefficients ofthis 
ti11 range from 1.944.55-1.80 to 2.654.40-2.41, and a con- 
tent of local rock gravels is poor ( 5 4 % ) .  Till of the younger 
stadial of the Nidanian Glaciation is thin, brown, and appears 
in two boreholes only: Zyiytkiejmy F. H. (1.28-0.82-1.15) and 
~ytlciejmy (1.25-0.82-1.19). Content of local rocks is dis- 
tinctly high, particuIarly of local siltstones (Md, reaching 
36%. 

Till of the Sanian Glaciation has been encountered in two 
sections only. At Zytkiejmy F. H., till of the older stadial is 
considerably reduced and its coefficients are equal to 0.87- 
1.194.82. At Norvydai, till of the younger stadial rests at 
altitude 25 rn i.e. the lowest among the Pleistocene sediments 
in the study area. This till is 26 m thick, light grey and light 
brown. It contains abundant dolomites IDp), and its mean 
petrographic coefficients are equal to 1.294.94-0.89. 

Grey-brown till of the Wilgian Glaciation occurs in three 
sections. It is 4.0 to 9.6 m thick and its mean coefficients are 
between 1.25-0.82-1.19 and 1 -694.64-f .SO. Abundant 
chips of dolomites Dp (up to 25%) and local rocks (up to 3 1 %), 
including local siltst~nes (up to 23%) are a characteristic 
feature. 

The overlying red clayey mrnpIex is common. It is com- 
posed of red-brown clays and grey-brown lacustrine silts, 
containing fine gravels and brown clayey solifluction loams. 
Characteristic is the composition of gravels, with predomi- 
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T a b l e  4 
Average mntcnt ofgravels (5-10mm in diameter) in tills from 6 heholes  in the Wi$aay region 

wish-Li thuanian-Rminn borderland) 

See text for petrographic symbols; numbers in brackets are data for sediments in glacid riffs 

nant dolomites Dp (21 to 37%). Sediments of the Mazovian 
Interglacial, probably of lacustrineorigin, occur above the red 
clayey complex. 

Till of the Liwiecian Glaciation is common. It is grey and 
occasionally grey-brown and together with aglacial raft of the 
older till of the Nidanian Glaciation in the section Stankuny 
reaches the greatest thickness of 32 m. Mean petrographic 
coefficients range from 1.85-0.59-1.74 to 2.71-0.45-2.31. 
Similarly as the ti11 of tha Wilgian Glaciation, this tilI contains 
also a considerable amount of dolomites Dp (up to 26%), and 
abundant local rocks (up to 17%) in most cases. Glacial rafts 
of till of the older stadia1 of the Nidanian GIaciation are 
common in a ti11 of the Liwiecian Glaciation. 

Characteristic for till of the older stadial of the Odranian 
Glaciation predominant gravels, composed of northern Iime- 
stones (Wp) to 60%. Thus, respective mean petrographic 
coefficients are high, from 2.634.462.21 to 3.224.32-3.04 
at poor content of local rocks (up to 9%). The till is grey, silty, 

Sttdtigmphy 

and the thickest (25 m) in the section Stankuny. A till of 
younger stadial of the Odranian Glaciation is widespread. In 
general it is thin, brown, sandy or with sandy interbeddings. 
Its mean petrographic coemcients are from 1.84456-1.66 
to 2.03-0.53-1.68, and the local rocks are rare ( 3 4 % ) .  

Mostly thin, grey and brown tills of the Wartanian Glaci- 
ation are assigned to two stadials. Mean petrographic coeffi- 
cients for a till of the older stadial are from 1.m.70-1.37 to 
1.64-0.62r1.59 and are close to those of the younger stadia] 
(1,284.81-1.19 to 1.514.74-1.32), There are local rock 
gravels (34%) in both tills. 

Distinct predominance of northern limestones (Wp) over 
other rocks is a characteristic feature of a till of the Vistulian 
Glaciation. In general, local rocks do not exceed 10%. Mean 
petrographic coefficients for tills of both stadiab are close to 
eachother, from 1.87-0.55-1.72 and 1.96-0.57-1.49 to 2.15- 
0.48-1.95 for the older stadid and from 1.9M.54-1.75 to 
2.13-0.49-1.88 for the younger stadial. Tills of the VistlrIian 

Average contents of grayels 1461 

Glaciation 

Vistulim 13 

Wartmian W 

olmimo 

Liwiecian C 
Wilgian G 

Sanim S 

Nidanian N 

Narewian A 

-- - -- 

FIE. 4. Borehole sections with ~Gtroennhic examination 

Stadia1 

younger Ba 

older BI 
younger Wa 

older W t 
younger 01 

older 01 
jointly 

jointly C 4  
younger Sz 

older S1 
younger N2 

older PI1 
younger A2 

older A1 

- . - .  
T - till. 2 - red clayey complex, 3 - 0 t h  inh;unorainic sediments, 4 -fossil flon, 5 - fossil faun& 6 - average pefrogmphic aoeficients for tills (a) 
and solifluction loans (b), 7 -average cnntent (%) of mvels in tills and solifluction l m s  (detailed explanations in the text); simti~phic symbols: Cr- 

Kr+@ 
29.7 

Cretaceous; PC - Paleocene; ~leist&ne: M - ~azo i ian  Interglacial; see Tablc 2 far the other explanLians; stratigmphic symbols in brackets -glacial 
rafts 

WP 
44.8 

Profile otw& wiennicych z wyniknmi badd petrograficznych 
1 - glina z d o w a ,  2 - a~ady czcrwonego kompleksu ilnstcgo, 3 - inne osady rnigdzymomowe, 4 - flora kopalna, 5 - fauna kopalna, 6 - drednie 
wspdkzynniki petrograficzne glin nvalowych (a) i glin spiywowych (b), J - Brednie zawartdci (45) i w i h  w glinach zwaiowych i glinach splywowych 
(szczeg6towe objaSnienia p t m  tekst); omaczcnia Stratygmficzne: Cc- kreda; PC-palmn; plejstocen: M-interglacjd rnazowiecki: pozosfdeoznanenia 
patrz hbcla 2; symbote stratygnficzne w nawimch - osady w formie pomnkdw 

PP 
2.3 

R+WL+ML 
10.5 

d i h n c e s  in contents of gravels I%] 

DP 
, 11.15 

-0.5 

-1 .S 
9.8 

4.5 
3.6 

-5.5 
4 . 0  
-1.3 
4.7 
-1 2 

2.8 

3.2 
-2.5 

K's) 
(6.4) 

-1 -4 

--- 
0.3 

0.3 
0.3 

-0.2 
-0.6 

-0.7 
-0.7 
4.7 . 
0.1 

-0.5 
1.7 

-0.3 
0.0 

W.3 
(5.6) 

0.5 

4 . 1  

-3.2 
-43 

-1 9 
-7.8 

-5.7 
-6.0 
2.0 

13.6 
4.9 
9.2 

24.2 
12.8 

(-2.9) 
(6.5) 

2.7 

-2.8 

-3.2 
-2.7 

-2.7 
-3.9 

-5.5 
-5.2 
5.7 

13.0 
7.6 

11.6 

7.8 
3.2 

14-91 
(-1.7) 

-2.6 

3.4 

2.2 
-2.7 

-0.3 
9.6 

15.0 
14.2 
-5.8 

-28.8 
-11.6 
-25.7 

-35-8 
-25.1 

18.0) 
(-21.8) 

-3.9 
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T a b l e  5 

Attempt of lithastratigraphic cornlatian of tills in the Wiiajny region (Polish-Lithuanian-Rwian borderland), 
based onstratigraphic correlation of the Pleistocene in Poland and Lithuania after J. Satkunas et al. (1996) 

A ~ E R  I. SAWUNAS ETAL iI*O 

-78+ 

Interglacial , - - 

DAUMANTAI, 

Tim scale, palaeomgnetic divisions, marine oxygen isotope stages a h  D. Q Bowen ef al. (1986); for graphic explanatinns see Figure 2 and for stratigraphic 
symbols see Tablc 2 
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Glaciation are grey-brown with bmwn tint at the top, whereas 
tills ofthe younger stadia1 are strongly weathered. Thickness 
of tiIIs of the youngest glaciation commonly does not exceed 
18 m. Only in the section Norvydai, both tills are exception- 
ally thick (78 rn each), reaching jointly 156 m. 

TweIve in situ tills and discussed two types of tills in 
glacial rafts only are similar in their petrographic charac- 
teristics to fourteen tills noted in  32 boreholes i n  the central 
Mazury Lakeland (Table 2). All tills in the borderland and in 
the Mazury Lakeland belong to eight glaciations. In xhe latter 
area, tills are separated by lacustrine and fluvial sediments of 
the Mazovian Interglacial, age of which was defined by 
palynological examination of four sections IS. Lisicki, 
19966). Sediments of remaining six interglacials in the Ma- 
zury Lakeland were recognized on the basis of morphology 
and good roundness of quartz grains, predominance of garnets 
over amphiboles, good sorting, reconstruction of river valley 
patterns and location of these sediments with respect to well 
defined lithostratigraphy of tills. 

Petrographic characteristics of the older till of the W a r e  
wian Glaciation is consistent with thatof atiB in theAugust6w 
Lowland and designated T1B (5. A. Czerwonka, D, Krzysz- 
kowski, 1995). This till occurs there under sediments of the 
August6w Interglacial, i.e. the oldest interglacial investi- 
gated by palynologic analysis (Table 5). 

TilIs of stadials oftheNidanian Glaciation in northeastern 
Poland are also close to each ocher in their petrography. In  the 
borderIand, the older ti11 occurs only in gIaciaI rafts, em- 
bedded in a lower part or in a till of the Liwiecian Glaciation. 
The older till of the Nidanian Glaciation is petrographically 
similar to the till designated T4 in the AugustGw LowIand, 
which - in the author opinion - occurs in a secondary 
deposit, and to the tills designated TZA and T3A, both in situ 
in the same area. A younger till of the Nidanian Glaciation 
corresponds to the ficst (oldest) lithotype of till PI of the 
South-Polish Glaciation (J. Rzechowski, 1974, 1977, 1986). 

Occurrence of tills of the Sanian Glaciation is scarce in the 
Suwalki Lakeland. In comparison with tills of the same gla- 
ciation in the Mazury Lakeland, they contain more dolomites 
0). Mean petrographic coefficients for the older till are also 
characteristic for the second and third lithotypes of tills F b  
and P2b of the South-Polish Glaciation (J. Rzechowski, 1974, 
1977, 1986). Coefficients of a till of the younger stadia1 are 
characteristic for the youngest till P3 of the South-Polish 
Glaciation (J. Rzechowski, 1974, 1977, 1986). 

The overlying till of the Wilgian Glaciation in the Suwalki 
Lakeland pig. 4) area indicates more dolomites @p), similar 
content of crystalline rocks (Kr), which has not been observed 
in the Mazury Lnkeland (Table 2). Index for this ti11 is close 
to a lithotype of a coeval till in southern Mazowsze (J. 
Rzechowski, 1986) or tills TZB, T2D, and T3D in the Augus- 
t6w Lowland (1. A. Czerwonka, D. Krzyszkowski, 1995). 
Assignment of several lithotypes of tills from the August6w 
Lowland to a till lithotype in the Suwalki Lakeland is due to 
slightly different calculation (made by the author) of themean 
petrographic coefficients for tills in the August6w area. This 
is a1so due to separation of tills in glacial rafts. A till of the 
WiIgian Glaciation is covered with clayey-loamy sediments 
of the red clayey complex. Structure and genesis of this 

complex in  the Mazury Lakeland have been already discussed 
by the author IS. Lisicki, 19966,1997). Solifluction loams of 
this complex in the Mazury area are characterized by in- 
creased content of dolomites (Dp) as compared with the 
underlying till of the Wilgian GIaciation (Table 2). Similar 
situation is noted in the borderland where dolomites (Dp) are 
predominant in a petrographic composition of gravels in a 
solifluction loam; this predominance consists in much higher 
dolomite content than in a till of the Wilgian Glaciation (Fig. 
2). In the Augustdw Lowland, loams of the red clayey com- 
plex indicate similar petrographic characteristics (J. A. Czer- 
wenka, D. Krzyszkowski, 1995). 

Lacustrine sediments with remnants of flora and mollusc 
shells, presumably of the Mazovian Interglacial, occur in the 
section Zytkiejmy F. A. at depth of 184.2-193.0 m. Sediments 
of the same age are aIso noted in other analyzed sections e.g. 
at Zytkiejmy (Pig. 4). The section at Norvydai contains silty 
sands with admixture of humus and plant fragments at depth 
21 1-215 m, and individual fragments of shells below. 0. 
Kondratiene (pers. cornrn.) found a pollen spectrum to have 
been a washout, probably of the Mazovian Interglacial 
(Butenai) but redeposited during the Odranian Glaciation. 

Till of the Liwiecian Glaciation contains more dolomites 
@p), in comparison with a till of the same gInciation in the 
central Mazury Lakeland (Table 5). Its petrographic charac- 
teristics are also similar to those in tiIIs, designated T5 and 
T3B in the Augustbw Lowland (J. A, Czerwonka, D. Krzysz- 
kowski, 1995). Petrographic features of tills of the Odranian, 
Wartanian, and Vistulian Glaciations are entirely consistent 
with characteristics of lithotypes of tills in the Mazury Lake- 
land and with theirpetrographic composition in theAugust6w 
Lawland. 

Basing on the author's comparative s t i d i s ,  a conclusion 
can be drawn that coeval glacial horizons are similar, i n  
respect to their petrography, in en tire northeastern Poland and 
the Mnzowsze main. 

LITHUANIAN METNOD: LlTHOSTEZATIGRAPl3JC 
AND STRATIGRAPHIC CONCLUSIONS 

Petrographic composition of gravels from tills by A. I. 
Gaigalas in the Viitytis region (Fig. 1) exhibits differences in 
contents of different rocks of six complexes of tills in relation 
to average content of gravels in all complexes and sections 
(Fig, 2). 

A ti11 of the Dzukija compIex contains more crystalline 
rocks (Kr) and northern limestones (Wp), and decreased 
amount of northern dolomites (Wp) and Cretaceous rnarls. 
Tills of the Dainava complex have, first of all, a higher than 
average content of crystalline rocks (Kr) and Cretaceous 
mads, and decreased amount of northern dolomites (Dp). The 
latter reach maximum in tills of the hrnaitija oomplex. On 
the other hand, these tiIls contain a lowest quantity of northern 
limestones (Wp). There is distinctly increased content of 
limestones (Wp) in tills of the Medininkai complex and de- 
creased of northern dolomites (Dp) and Cretaceaus marls. A 
ti11 of the Nernunas Glaciation, belonging to two youngest 
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complexes of Griida and Baltija, indicate an increased content 
of Cretaceous marls and a decreased amount of crystalline 
rocks (Kr). All these relations are presented in Table 3. 

There are slight QI relatively essential differences in pe- 
trographic characteristics in respective and presumably 
coeval tills in s ix  Lithuanian regions, distinguished by A. I. 
GnigaIas (1979). Differences in petrographic composition of 
gravels can be explained by a different directions of advanc- 
ing coeval glacier lobes, different distances between distin- 
guished regions and bedrock outcrops, and mosaic 
distribution of zones of intensive glacial erosion. 

Using the Lithuanian method. average content of gravels 
in tills was calculated jointly for six analyzed boreholes and 
in every till. Samples with strongly weathered tills were 
neglected. Calculations were done to compare petrography of 
fourteen lithostratigraphic horizons distinguished by the 
author on the Polish side of the border, with six complexes 
presented by A. I. Gaigalas for southern Lithuania, When 
calculating contents of gravels in tills, some results were 
neglected due to their inconsistency with petrographic back- 
ground, being a joint average content of gravels for each till 
in particular boreholes. Neglected results were interpreted as 
characteristic for glacial rafts of older tills, embedded in 
younger ones (S, Lisicki, 19966, 1997) or for strongly wea- 
thered tills (Table 4). The same symbols (d. Fig. 2) have k n  
used to app0in.t the corresponding tills (Fig. 3). 

The most probable lithostratigraphic correlation of tills in 
northwestern and southern Lithuania could be presented in 
Table 5. Tills of the Dzukija complex correspond to a till of 
the older stadial of the Nidanian Glaciation N1. Tills of the 
Dslinava complex correspond lo a ti11 of the younger stadia! 
of the Nidanian Glaciation N2. Tills of the iemaitija complex 
with a characteristic maximum of dolomites (Dp) represent 
tills of the Wilgian G and the Liwiecian C Glaciations, and 
presumably also tills of the Sanian Glaciation S1 and S2. Tills 
of the Medininkai complex do not represent tills of the War- 
tanisn Glaciation Wr and W2, but correspond to tiIls of the 
Odranian Glaciation Ol and 0 2 .  Tills of the Griida complex 
are in fact of the older (gwiecie) stadial of the Vistulian 
Glaciation B1, and tills of the Baltija complex represent the 
younger (LesznePomeranian) stadial of the same glaciation 
B2. Lithuanian equivalents of the Narewian At and A2, Sanian 
S1 and S2, and Warmnian W1 and W2 Glaciations are lacking 
in the compilation (Table 5). In a scheme of A. I. Gaigalas 
(Table 51, there is no Iithostratigraphic equivalent of tills of 
the Narewian Glaciation AT and A2, recognized in the border- 
land area, probably due lo a lack of this complex in the Vigtytis 
region in southern Lithuania. Tills of the Sanian Glaciation S1 
and S2, sp0radicaIly present in the Suwalki Lakeland, contain, 
however, slightly increased content of crystalline rocks (Kt), 
their petrography is similar to the m e  of tills of the iemaitija 
complex. This similarity could make tills of the Sanian Gla- 
ciation S1 and Sz be included into a lithostratigraphic complex 

of hrnaitija, which corresponds presumably to tills of the 
Wilgian G and Liwiecian C Glaciations. Tills of the Warta- 
nian Glaciation W1 and W2 are thin (several metres only) and 
predominantly occur within a thick sandy-gravelly complex 
hatseparates tills of the Odranian O1 and Q and 2heVistulian 
Bl and B2 Glaciations (Fig. 4). Poor development of tills of 
the Wartanian Glaciation W1 and W2in the Polish-Lithuanian 
borderland resulted in their missing in petrographic and li- 
thostratigraphic characteristics in Lithuania. The fact that the 
Lithuanian geologists have included this entire sandy-gra- 
relly complex to the Vistulian (Nemunas) Glaciation seems 
groundless. 

CONCLUSIONS 

1. All lithostratigraphic complexes of the Pleistocene in 
the ViBrytis region. distinguished by A. I. Gaigalas (Fig. 21, 
correspond to some Iithostratigraphic horizons distinguished 
in the Wihjny area (Fig. 3). 

2. South Lithuanian lithostratigrzlphic complexes do not 
correspond to assigned lithostratigraphic horizons in Poland 
(Table 5). 

3. The lithostratigraphic scheme by A. I. Gaigalas for 
southern Lithuania does not fit to the scheme of stages and 
stadials in  Poland (Table 5). CompIexes of Dainava, Zemaitija 
and Medininkai do not correspond to chronostratigmphic 
stages designated with the same names. Furthermore, the 
Zernaitija complex seems to be correlated with tills of the 
Liwiecian Glaciation C andtor the, WiIgian Glaciation G, or 
even the Sanian Glaciation S1 and 32. In northeastern Poland, 
tills of the Wilgian and the Liwiecian Glaciations xparate 
sediments of the Mazorian Interglacial M, defined by paly- 
aologic analysis. In southern Lithuania, no stratigraphic com- 
plexes were distinguished that could correspond to the 
Narewian A1 and Az, Sanian S1 and S2and Wartanian W1 and 
W2 GIaciations. 

4. It is supposed that stratigmphic position of tills in 
southern Lithuania seems to be at least controversial. This 
could also be indicated by the idea of A. I. Gaignlas when he 
presents different regional petrographic development of 
coeval glacial complexes in Lithuania. This idea is inconsist- 
ent with the outlined, rather uniform petrographic image of 
coeval tills in northeastern Poland. It seems IikeIy that re- 
peated spatial correlation of tills in Lithuania may result in 
more cIear determination of their petrographic image, thus a 
more complete lithostratigraphic and stratigraphic conforma- 
bility of Pleistocene sediments in Lithuania and northeastern 
Poland. 

Tmnslatd by Zdziduw Siwek 
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PROBA KQPRELACJI LITOSTRATYGRAFICZNEJ GLIN ZWAEOWYCH 
POLSFca P&NQ~=NO-WSCH(PDNEJI IPOtUDNI[OWEJ LRWY 

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

W Polsce i na Litwie stosuje siq od lat podobna metdyke oceny cech 
diagnostymnych osad6w morenowych bydwch podstawe korelacji lito- 
stmtypficznej plejstocenu. Dla potrzeb realizacji Szcze~6fowej mqqY Sen- 
logicmej Polski w skali 150 000 wykonuje s& standdowe badania 
litologiano-petrognFiczne osaddw ptejstaceiiskich, pobieranych z rdzcni 
wiertninych. Metodyka takichbadarl rnstala opracowana w Polsce p m z  J. 
Reechowskiego (1971, 1974). a na Litwie przez A. I. Gaigalasa (1979). 
Najbardzicj przydatnymi do ok~5lenin litostralygrafii osad6w morenowych, 
a tym mmym dtn konstrukcji schematow stratygnficznych plcjstoccnu. sg 
wyniki annlizy skladu ptrograficznego kwir6w glin zwalowych. 

Dla anality skIadu petmgraficznego iwir6w (pr6bki zawieraj$oe min. 
100 ziaren o Srednicy 5-10 mm) z gSin zwdowych, s t o s o w ~ j  w P~lsce, 
oblicza s i ~  zawartofc: procentowe r6inych gmp skai skandynawskich (p61- 
nocnych - paleozoimnych i stmzych maz bardzo rzadko spotykanych na 
tcrcniePolski skal trimwych i jurajskich): skatykrystaIiczne(Kr), wapicnie 
WP), dolomi@ (Dp) piaqkowce i kwmyty  (Pp), kwarc (Q). orax lokalnych 
(tneciorzqdowych i kredowych): wapienie i m a l e  (WL), piaskowce (Pt) 
oraz mulowe i ilowce (ML). Nastqnic obl im aiq wskdniki pctrografinne 
OIK-WW-AJB chmkteryzujqce zaleinoici m i d y  udzialem r6inych gnlp 
skal skandynawskich (p6tnocnych) w iwirach glin mfowych, gdzie: 0 - 
suma skal osndowych (Wp t. Dp -1. PP + lupki pbhocnc), K - suma sk;d 
krystalicznychi kwarcup6tnmnego(Kr+Q~), W-sumaskal~glanowych 
(WP f Dp). A - surna skaf nieodpornych na niszcxnie (Wp .t D p  f lupki 
p6lnocne], B - suma skat odpornych (Kr + Qp + Pp). 

Stosowana na Litwie annliza skladu petmgraf cznego kwir6w (pndbki 
zawienjqm ok. 300 ziaren o Srednicy 5-10 mm) zglin zwalowych obejmuje: 
skab krystaliczne, &arc p6lnmny, skalenie i podmdnie h y t y  (w 
przybliteniu odpowiadajqcc w polskiej metodde sumie skak krystalicznych 
j kwarcu pdlnocnego - Kr + QF); jotnickie, palwzoicme i mezozoiczne 
piakowcc. nndko mubwce (w polskiej metadzie piaskowce pbhocnc - 
PP); deworiskie dolornity (w polskiej metodzie dolomily pdhocne - DP); 
wapienie orgmogeniczne wdowiku i syluru omz pozostale wapienie pale* 
zoiune, triasowe i jurajskie (w polskiej mciodzic lacznic wapicnic p6lnocne 
- Wp; atme W o w e  margle (w polskiej met&ie w pnybli-keniu wszy- 

stkie s h f y  tokalne - gMwnie, trudne do mzdzielenia, wnpicnie i mnrgle 
kredowe i paleoceliskie - Wt + PL + Mt). 

W opracowaniach litewskich zawartog pmcentowa tych sM przedsta- 
wiasie w formie slupkowej. Wart066 10M stupkadopeiniaja pndobnie jak 
w metdzie polskiej, kmmienie, lidyty, fosforyty i in. A. I. Gaigalas (1979) 
prezentuje wyniki h d a i  petrografinnych r6wnie2 w postaci llistogramu 
ukazujqccgo kinice w zawarbici twirdw rdinych sMdlaposzczcg6lnych 
kornplchow glin zwalowychw sta~unku do Srcdniej zawwtoSci tych iwir6w 
o b l i ~ ~ o ~ ~ y c h d l a  wszystkichglin z wielupmfil6w danegoregionu. Histogram 
tdci zostal przekamiy stronie polskiej w 199.95 r. Pnedstawia on uSrednion9 
chanktcrys!ykq pctrograficzna glin zwdowych z rcjonu VZtytis (fig. 3). 
Identycznil metodq wykonano uirednienie dlaanalisowanych w niniejszym 
opncowaniu gtin zwnFowych (fig. 4). 

Material geotogiczny pochodzi z szekiu otwor6w wiertniczych zlokali- 
m y c h  na pograniczu polsko-litewsko-rosyjskim w rejonie Wiiajn (ftg. 
1). Pie6 otwor6w (iytkiejrny NadIeSnictwo, &tkiejmy, Bolcie, Stankuny i 
Poszeszupie) wykonmo po stronic polskiej w ramach realizacji arkuszy 
SMGP: ~ytkiejmy, Witajny i Poszes~upie. Po stronic litewskiej wykonano 
otw6r Norvydai, kt6rego profil by1 bdany w ramach wsp6lpracy polsko-li- 
tewskiej. W analizowanych profilach wy&niono osady agrniu zlodowaceri 
i okreSlono ich poxycje s~ncyga f i c rn~  N a w i m o  do wynikow badah i 
klaryfikwji litostratygraficznej z centralnej c&ci Pojezierzn Mazurskiego 
(S. Lisicki, 1996a, b, 1997) i Niziny Augustowskiej (A. J. Czerwonka. D. 
Kr~ys~kowski, t 995). 

Przyjeta korelacja Iitoskatygraficzna glin z w h q c h  Polski p6fnocnw 
wschdniej i poludniowej U t w y  pndstawia Bi~nw$pujqw: 
- gliny kompteksu Dzukija odpowiadqiq glinie starszego stadidu zlo- 

dowacenia nidy N I; 
- gliny kornpleksu Dninava odpowidajq glinie mlodszego stadidu 

zlodowaccnia nidy N2; 
-gliny kompleksu fkmaitija, charak te rn j~e  siq maksymalnq zawar- 

t&i$ dolomit6w (Dp), odpowiadaja glinie dodowacenia wilgi (G) i dodo- 
wamnia liwca (C). by& mo2e rbwnie2 glinie zlodowacenia sanu S1 i Sa; 
- gliny komplcksu Modininkai to nie gliny zlodowacenia warty W1 j 

Wz, ale gliny xlodowacenia d r y  01 i Oz: 
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- gliny kornpleksu aru'da odpowiadajs glinie m a e g o  stndiah (6wie- 
cia) zlodowacenia wisty Bi; 
- gliny kornplekau Baltija cdpowiadaja glinie mbdszego stadialu (k- 

szmyftsko-pornorskiego) zlodowacenia wisly Bz. 
Korelncje litostratygnficzna (tab. 5 )  skonstwowano na h i e  korelacji 

stratygraficznej plejstocenu Polski i Litwy wediug J, Satkunesa i in. (1996). 
W tabeli b n k  litewskich odpmiednik6w zlodowacenia n m i  A, sanu S i 
wmty W. Bnk gIin zwa~owych zlodowaoenia nnuwi r n o h  tlumauyC bra- 
hiem tego kornpleku w rejonie ViStytis @oludniowaLitwa). Rzadko wys$- 
pujqce na Pojezierzlr Suwalskim gliny zwaiowe zlodowwnia sanu cechuje 
zbliiona do glin kornpteksu Zemaitija chamkterystyka petrograticma, tho6 
tepie~zewy~uj~niecopodwyiszon~mw~o~skal krystdicznych(Kr). 
To oodobiefistwo by15 rnoiesvowodowa~o wlaczeniegtin zlodowaceniasmu 
do kompieksu !ito~ratygnfi~znego %rnaitija, !ct6ry6dpowiada pmwdopo- 
dobnie~linomzlodowacenia wilgiG i liwcaC. Gliny zwalowe zlodownoenin 
warty si cienkie (do kitku mtr6b grubogci) i przewahie wystepujq wSr6d 
misiszego kornpleksu piaszczysto-iwirowegomdzielajqaegopoziomy mo- 
renowe tlodowacenin odry 01 i Qt i wisIy BI i B2 (fig. 4). By6 moie slabe 
wyksztdcenie glin zlodowacenia warty Wr i Wz w rejonis pogrmicza pol- 
skrAitewskiego spowodowala pornini~ie ich po stronie litewskiej w chara- 
kterystyce petrograficznej i litostratygralicznej. Geolodty litewscy 
nieslusznic wEqczyli caly wspomniang kompleks piaszczysto-zwimwy do 
zldowacenia wisly (Nemunas). 

Pnedstawiony materid upwah ia  do sFormu)owania nwtqpujqcych 
wniosk6w: 

1, WydzieIone pnez A. I. Gaidasa komplehg litmtratygraficme plej- 
stocenu rejonu ViEtytis (fig. 2) dpawiadnja niekt6rym poziamom litostrety- 
p f i n n y m  wydzielonym w rejonie Wikajn (fig. 3). 

2. Poludniowolitewskie kompleksy litostntygmficzne o okreflonej od 
lat pozycji stratygraficznej wiekowo czqsto nip Ddpowiadajq prtypowd- 
kowanym irn poziomom litostmtygsaficmym nnterenie Polski (tab. 5). 

3. Do pmdstnwionego w tabeli 5 schernatu podziatu stratygrnficznego 
PoIski i Litwy nie pasuje schemat litostratygmficzny opra~owany nez A, 1. 
Caigslass dla rejonv polvdniowej Litwy. Kornpbk~y: Dainavs, %mnilija i 
Medininkai nie odpowiadajq wybznionym w tabeli pietrom chrono~trdy- 
grafrcznyrn o takiej sarnej nezwie. Wydaje sig ponadto, i e  kompleks Zemai- 
tijamoznaIroretowa6 zglinami ~Zodowacenia tiwca C i (Iub) wild G, a mob 
nawet i zlodowacenia smu SI i Sz. W Polsce pciinocno-wschodniej gtiny 
d o w e  zlodowaceniawllgi G i IiwcaC rozdzieInjq zbndane paiinologicznie 
wady intcrglacjdu mazowieckiego M. Nn terenie pofudniowej Litwy nie 
wyr6iniono kornpIeks6w litosrrntygraficznych odpowiadajqcych zlodowa- 
c e a i o m n m i A ~  iAa,sanuS~iSziwarty WiiWa. 

4. OkreSlenie pozycji stntypficznej glin zwnbwych pohdniowcj Li- 
hvy jcst dyskusyjnc. Zdaje sip Swindczyd o rym r6wniei poglqd A, I. Gaign- 
lasn m6wiqcy o r6inym, regionalnym wyksztnlceniu petrogmficznym 
r6wnowiekowych kompEeks6w gtacjdnych Litwy. Poglqd ten jest sprzeczny 
zrysuj~qmsi~doZjdnoli~obmzempetmgraficznymr6wnowiekowych 
glin zwalowych Polski p6lnocno-wscllodniej. Byd rnoze ponowna, przc- 
smnna  korelacja kompleks6w giin zwabwych Litwy doprowdzi do wip 
kgzcgo ujednolicenia ich obmu petrografcznego. n tym mmym do petnej 
zgodnofci litostratygnficmej i stratygraficznej osad6w plejsloceriskich na 
obszane Limy i Polski pdlaocno-wschdniej. 


