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Six boreholes have been completed in the Polish-Lithuanian borderland. Samples of tills were collected to petrographic analysis of gravels
5-10 mm in diameter, Petrographic characteristics of tills were compared with lithotypes from central part of the Mazury Lakeland and the

&

northeastern Poland.

Augustéw Lowland. Stratigraphic position of tills has been defined and then, the results were recalculated with application of the Lithuanian
petrographic method. Comparative study indicated that there is no stratigraphic correlation between tills in southern Lithuania and
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INTRODUCTION

Similar methods of evaluation of diagnostic features of
tills have been applied for years, both in Poland and Lithuania.
These features are fundamental for lithostratigraphic correla-
tion of Pleistocene sediments. Methods are similar, being
based on the same substantial assumptions (A. I. Gaigalas,
1979; I. Rzechowski, 1971). Since a quantitative evaluation
of petrographic components, leading in lithostratigraphic
correlation, is different in both countries, no direct strati-
graphic correlation could be made between geological
profiles in Poland and Lithuania so far. As an entirely uniform
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. L.
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 1:50 000 (J. Rzechowski, 1971, 1974).
Suchastudy 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 determina-
tions are occasionally done: pH, chemical composition, con-
tent of microelements and feldspars. Petrographic
composition of gravels (5-10 mm in diameter) in tills was
found the most applicable to lithostratigraphy of the Pleis-
tocene. It was revealed by J. Rzechowski (see Table 1) and
the author (S. Lisicki, 19964, b, 1997).

A. 1, 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, 7-10and
10-30 mm in diameter), composition of heavy minerals (frac-
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Table 1

Application of analysis to determination of sediment features
(after J. Rzechowski, unpubl, data)

Origin — . 2
Analysis | sedimen- Faci L“h?' l}egl on?l Source | Hyper-
: . | Facies | strati- |lithologic X
tary envi- i Y i area | genesis
ronment
Grain size LS ++ + g ++ ++
Petrography
of gravels ++ ? ++ ++ ++ ++
Heavy
minerals B E= ot ++ b b
Roundness of
quartz grains b +t + +i + +
Content
carbonates + + + i + et

+4+ — very distinct determination, ++— common determination, + — local
determination e.g, in single sections, ? — no systematic examination

tion 0.25-0.1 mm), petrography of key Scandinavian eratics
(fraction > 0.5 c¢m) and geochemical 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 lithostratigraphy 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.

PETROGRAPHIC ANALYSIS

In Poland, petrographic analysis of gravels (5-10 mm in
diameter, 100 grains in a sample) from tills (J. Rzechowski,
1971, 1974) gives contents of different groups of Scandina-
vian rocks (northern — the Palaeozoic and older rocks, as well
asthe Jurassic and Triassic ones which are very rare in Poland)
i.e. crystalline rocks (Kr), limestones (Wp), dolomites (Dp),
sandstones and quartzites (Pp), quartz (Qp), and the rocks of
local origin (Tertiary and Cretaceous ones) i.e. limestones and
marls (W), sandstones (P ), siltstones and claystones (My ).
Then, petrographic coefficients O/K-K/W-A/B are calcu-
lated. They are composed of three coefficients (O/K, K/W and
A/B) that present relations between different Scandinavian
rock groups in tills, where: O — total of sedimentary rocks
(Wp + Dp + Pp + northern shales), K — total of crystalline
rocks and northern quartz (Kr + Qp), 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 tills in Poland introduce also a factor Dp/Wp,
being ratio of northern dolomites to northern limestones and
of special significance in the Suwatki region (J. 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, feldspars, and sub-
ordinately quartzites (equivalent roughly in the Polish method
to a total of crystalline rocks and northern quartzi.e. Kr+ Qp),

— Jothnian, Palaeozoic and Mesozoic sandstones and
occasional 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 marls (in the Polish method
roughly equal to the all local rocks — mostly Cretaceous and
Palaecocene limestones and marls, difficult to separate from
one another Wy, + Pp + Mp).

In the Lithuanian publications, contents of the mentioned
rocks is commonly presented with a use of bar graphs (A. L.
Gaigalas, 1979). In the same way as in the Polish method, the
100% content of such bars is completed by other constituents
like flints, lydites, phosphorites and others. A. 1. 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 average contents of these
gravels as calculated for all the tills in many sections within
the area.

The other coefficient Kg-V-Kj is occasionally applied by
the Lithuanian geologists to petrographic studies: K defines
ratio of dolomites to the Ordovician and Silurian limestones,
V is a ratio of dolomites and of other sedimentary rocks, and
K is a ratio of crystalline rocks with quartz and quartzites to
all sedimentary rocks. Furthermore, index S is occasionally
calculated as ratio of dolomites to sandstones.

STUDY AREA

Geological material was collected from 6 boreholes lo-
cated in the Polish-Lithuanian borderland near Wizajny, Su-
watki Lakeland (Fig. 1). Five boreholes on the Polish side
were done for needs of the Detailed Geological Map of
Poland in scale of 1:50 000, the sheets Zytkiejmy, Wizajny
and Poszeszupie. These boreholes are designated: Zytkiejmy
Forestry Headquarters (Zytkiejmy F. H.), Zytkiejmy, Bolcie,
Stankuny and Poszeszupie. The sixth borehole (Norvydai)
was done on the Lithuanian side. Its profile was examined
within the joint Polish-Lithuanian cooperation “The
Yotwings belt — a fragment of Green 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 Poland and Southern Lithuania
in scale of 1:200 000.
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GEOLOGICAL RESEARCH

Geological material for lithologic-petrographic study was
collected from five boreholes situated on the Polish side of the
border (Z. 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 the Mragowo Lakeland (8. Lisicki, 19965, 1997) (Table 2),
of the Augustéw Lowland (I, 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
Vistytis 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
lithostratigraphic correlation of tills of the Wizajny region
(Table 5) and reference to the A. I. Gaigalas’ correlation for
the Vistytis region, against a stratigraphic scheme of the
Pleistocene in Poland and Lithuania after J. Satkunas et al.
(1996) (Table 5).
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Fig. 1. Location of the study area and boreholes

ZF. H. — Zytkiejmy Forestry Headquarters, Z — Zytkiejmy, B— Bolcie, S
— Stankuny, N— Norvydai, P— Poszeszupie; a—study area, b—reference
area in the central Mazury Lakeland, c— study area in the Augustéw Lowland
Lokalizacja obszaru badari i otworéw wiertniczych

Z F. H. — Zytkicjmy Nadle$nictwo, Z — Zytkiejmy, B — Bolcie, S —
Stankuny, N — Norvydai, P — Poszeszupie; a — obszar badafi, b —
poréwnywany obszar badari geologicznych centralnej czeéci Pojezierza Ma-
zurskiego, ¢ — obszar cytowanych badan z Niziny Augustowskiej
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Fig. 2. Average petrographic composition of gravels for particular tills in the
Vistytis region (Lithuanian-Russian borderland), after A, 1. Gaigalas (pers.
comm.)

Tills of the following glaciations: 1 — Dzukija, 2— Dainava, 3— Zemaitija,
4 — Medininkai; stadials of Nemunas Glaciation: 5 — Gruda, 6 — Baltija;
see text for petrographic symbols

Usredniony sklad petrograficzny i réznice zawartosci Zwir6w réznych rodza-
jow skat dla poszczegdlnych komplekséw glin zwalowych z rejonu Vistytis
(pogranicze litewsko-rosyjskie) wedtug A. I. Gaigalasa (inform. ustna)
Gliny zwalowe zlodowacer: 1 — Dzukija, 2 — Dainava, 3 — Zemailija, 4
— Medininkai; stadialy zlodowacenia Nemunas: 5 — Gruda, 6 — Baltija;
symbole petrograficzne patrz tekst

LITHOSTRATIGRAPHY OF TILLS

Tills 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 (1990). The constructed stratigraphic scheme has
been already successfully applied for the central Mazury
Lakeland (S. Lisicki, 19965, 1997).

Till of the older stadial of the Narewian Glaciation was
noted in three boreholes. Itis 3—13 m thick, very stiff and grey
or brown. It contains gravels of local rocks up to 23%, and the
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Table 2

Average results of petrographic examination of gravels (5-10 mm in diameter) in tills from in 32 boreholes
in the central Mazury Lakeland (after S, Lisicki, 1997)

Stratigraphy | Petrographical coefficients | Mean contents of gravels (%)| Number of boreholes with tills
wi without
Glaciation Stadial | 0/K - K/W - A/B | Kr-Wp-Dp-Pp-Wy-Pp-My, pehogr:;hica] PR ogapitca]
studies weathered tills *
1
younger-B, 'M 228-0,48-1,85 b-5-6-4-1-5-1) 13 B
Vistulian-B Ok KM /B Ke lopiP LN
ol M 1,92-057-157 0-50-6-4-1-3-1| 17 -
younger-¥, b: 151-07-120 | [ 36-46-5-5-3-2-3] 15 |
Wartanian—W o«
older-, t‘: L3 | ]| 35-48-5-2-1-2-1| g _
younger-0, M 1,96-0,55-1,69 r _‘_30-48—9—3—3—2—3 17 ~
Odranian-0
older-0, M 2.710-0,40-2,34 [[ UBe-11-3-2-2-31 |5 {
Liwiecian~C N -t | | 2SS0 -
y - 8-31-6-3-2-3-14] | -
Wilgian—G t: 1,59-0,71-1,33 i :
younger-S,| 1~ 1u-L06-0g2 | [ EAHETED| U 1
Sanian-S
oder-5; | PN 08614104 | [ HASELS00 0 !
yuunger—NE t [,35'0,32‘1,10 1 R-MU-T-4-7-3-6 16 |
Nidanian—-N )
older-N M 2,03-054-171 rﬁ*“”ﬂ 1 -
younger=4 1~ 09-1,18-076 | [[] F-AS53202) -
Narewian-A
ey ]:/_ (30-078-125 | [T] -35-12-2-3-3-6| 5 ;

* two horizons only; see text for explanations
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Fig. 3. Average petrographic composition of gravels for particular tills in the
Wizajny region (Polish-Lithuanian—-Russian borderland)

Tills of the following glaciations: Narewian: 1 — Ay, 2 — Az in glacial rafts
only; Nidanian: 3 — Ny in glacial rafts only, 4 — N2; Sanian: 5 — §1, 6 —
S2; 7 — Wilgian G; 8 — Liwiccian C; Odranian: 9 — Oy, 10 — Oy;
Wartanian: 11 — Wi, 12 — Wa; Vistulian: 13 — By, 14 — Ba; see text for
petrographic symbols

Usredniony sklad petrograficzny i réZnice zawarto$ci Zwiréw réznych rodza-
jow skal dla poszczegdlnych pozioméw glin zwatowych z rejonu Wizajn
(pogranicze polsko-litewsko-rosyjskie)

Gliny zwatowe zlodowaceii: narwi: 1 — Ay, 2 — Aa tylko w formie porwa-
kéw; nidy: 3 — N tylko w formie porwakéw, 4 — Nz; sanu: 5 — Sy, 6 —
S2; 7— wilgi G; 8 — liwea C; odry: 9 — Oy, 10 — Og; warty: 11 —W), 12
— W2; wisly: 13 — B1, 14 — B2; symbole petrograficzne patrz tekst

Table 3

Average content of gravels (5-10 mm in diameter) in tills from in
boreholes in the Vistytis region (Lithuanian-Russian borderland)

Stratigraphy Average contents of gravels [%]
Kr+Qp | Pp Dp | Wp |PL+ Wi+ ML

Glaciation | Stadial 32.0 30 [ 158 ] 415 6.9
differences in contents of gravels [%)
Baltija -2.8 03 |02 | L0 2.0

Nemunas
Grida 03 -0.1 |02 |-08 0.3
Medininkai -1.6 -03 [-14 | 83 -4.0
Zemaitija 18 |-02| 87|-80 -13
Dainava 36 08 | -83 |06 4.0
Dzukija 7.2 -09 [-126| 148 -6.5

See text for petrographic symbols

mean petrographic coefficients are equal to from 1.45-0.72—
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 Norvydai, being there a thin glacial raft, em-
bedded in a till of the younger stadial of the Sanian Glaciation.
Petrographic coefficients of a single sample of this till are
equal to 1.13-1.10-0.75 and dolomite content reaches ap-
proximately 10%.

Grey and grey-green till of the older stadial of the Nida-
nian Glaciation occurs as glacial rafts only, 9.5-15.0 m thick,
embedded in a till of the Liwiecian Glaciation. Till of the older
stadial has been encountered in three sections at Zytkiejmy F.
H., Zytkiejmy and Stankuny (Fig. 4). Mean coefficients of this
till range from 1.94-0.55-1.80 to 2.65-0.40-2.41, and a con-
tent of local rock gravels is poor (5-8%). Till of the younger
stadial of the Nidanian Glaciation is thin, brown, and appears
in two boreholes only: Zytkiejmy F. H. (1.28-0.82—1.15) and
Zytkiejmy (1.25-0.82-1.19). Content of local rocks is dis-
tinctly high, particularly of local siltstones (My), 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-
1.19-0.82. At Norvydai, till of the younger stadial rests at
altitude 25 m 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 (Dp), and its mean
petrographic coefficients are equal to 1.29-0.94-0.89.

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 1.69-0.64-1.50. Abundant
chips of dolomites Dy, (up to 25%) and local rocks (up to 31%),
including local siltstones (up to 23%) are a characteristic
feature.

The overlying red clayey complex 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-



EEggcesg3aszegreegnrgracs $TTRFIFFR

AR 88338 5§

THM b &Y M N

Duﬂ_un_u_h Mﬂmg os %+ [Je (MM [+

IVOAAYON ANNANYLS

AWF3INLAZ

TSEW 9Eg
Hd AWrAINLAZ




Correlation of tills in NE Poland and S Lithuania

167

Table 4

Average content of gravels (5-10 mm in diameter) in tills from 6 boreholes in the Wizajny region
(Polish-Lithuanian-Russian borderland)

Average contents of gravels [%]
Stratigraphy Kr+Qp PP De We PL+WL+ML
29.7 23 11.6 448 10.5
Glaciation Stadial differences in contents of gravels [%]

younger B2 ~0.5 0.3 -28 34 -0.1
Vistulian B

older By -1.5 03 =32 22 =32

younger W2 9.8 0.7 2.7 =2.7 —4.3
Wartanian W

older W) 45 0.2 =27 -0.3 -1.9

younger Oz 3.6 -0.6 -3.9 9.6 -7.8
Odranian O
' older Oy 5.5 0.7 -5.5 15.0 -5.7

jointly O2+0) —4.0 0.7 -52 14.2 -6.0
Liwiecian C =13 0.7 57 -5.8 20
Wilgian G -0.7 0.1 13.0 -28.8 136

jointly C+G -1.2 -0.5 7.6 -11.6 4.9

younger Sz 28 1.7 11.6 -25.7 92
Sanian S

older Sy 32 -03 7.8 -35.8 242

younger N2 -25 0.0 3.2 -25.1 12.8
Nidanian N

older N (0.5) (0.3) (-4.9) (8.0) (-2.9)

younger Az (6.4) (5.6) -1.7) (-21.8) (6.5)
Narewian A

older Ay -4 0.5 -26 -39 2.7

See text for petrographic symbols; numbers in brackets are data for sediments in glacial rafts

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

Till of the Liwiecian Glaciation is common. It is grey and
occasionally grey-brown and together with a glacial 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 till of the Wilgian Glaciation, this till 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 stadial of the Nidanian Glaciation are
common in a till of the Liwiecian Glaciation.

Characteristic for till of the older stadial of the Odranian
Glaciation predominant gravels, composed of northern lime-
stones (Wp) to 60%. Thus, respective mean petrographic
coefficients are high, from 2.63-0.40-2.21 to 3.22-0.32-3.04
at poor content of local rocks (up to 9%). The till is grey, silty,

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 coefficients are from 1.84-0.56-1.66
to 2.03-0.53-1.68, and the local rocks are rare (3—6%).

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 1.46-0.70-1.37 to
1.64-0.62-1.59 and are close to those of the younger stadial
(1.28-0.81-1.19 to 1.51-0.74-1.32). There are local rock
gravels (3-8%) 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 stadials are close to
eachother, from 1.87-0.55-1.72 and 1.96-0.57-1.491t02.15-
0.48-1.95 for the older stadial and from 1.90-0.54-1.75 to
2.13-0.49-1.88 for the younger stadial. Tills of the Vistulian

Fig. 4. Borehole sections with petrographic examination

1 —till, 2 — red clayey complex, 3 — other intramorainic sediments, 4 — fossil flora, 5 — fossil fauna, 6 — average petrographic coefficients for tills (a)
and solifluction loams (b), 7 — average content (%) of gravels in tills and solifluction loams (detailed explanations in the text); stratigraphic symbols: Cr —
Cretaceous; Pc — Paleocene; Pleistocene: M — Mazovian Interglacial; see Table 2 for the other explanations; stratigraphic symbols in brackets — glacial

rafts
Profile otworéw wiertniczych z wynikami badari petrograficznych

1 — glina zwalowa, 2 — osady czerwonego kompleksu ilastego, 3 — inne osady migdzymorenowe, 4 — flora kopalna, 5 — fauna kopalna, 6 — srednie
wsp6lczynniki petrograficzne glin zwalowych (a) i glin splywowych (b), 7 — érednie zawartosci (%) zwiréw w glinach zwalowych i glinach sptywowych
(szczegdltowe objasnienia patrz tekst); oznaczenia stratygraficzne: Cr— kreda; Pc — paleocen; plejstocen: M — interglacjal mazowiecki; pozostale oznaczenia
patrz tabela 2; symbole stratygraficzne w nawiasach — osady w formie porwakéw
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Table 5
Attempt of lithostratigraphic correlation of tills in the Wizajny region (Polish-Lithuanian-Russian borderland),
based on stratigraphic correlation of the Pleistocene in Poland and Lithuania after J. Satkunas et al. (1996)
AFTER 1. SATKUNAS ET AL. (1996) 5. LISICKI | LITHOSTRATIGRAFHY|
(PRESENT | CORRELATION
PAPER) | ACCORDING TO
PALAEOMAGNETIC | TIME TNE OXY TIME
DIVISIONS SCALE | 1SOTOPE STAGES. DIVISIONS POLAND LITHUANIA AL GAIGALAS (1375)
(years) (Ages x 10° years) (EUROPEAN)
| 10000, LESZNO- g BALTIJA,Stadial
1 =1 3
; - POMORZE, Eﬁ Interstadial BALTUA |-
=z Late z8 B; 3
> —  Stadial Ee S )
& o &  GRUDA,Stadial
a
2 i [%] &
@ ©
a (D GRUDZIADZ, MIDDLE
2 s = ~ Interstadial NEMUNAS,
E) o Middle 5 P " sadial 0 o0a
3 WIECIE cgainterstadia 9o 00
%— D sudial i B, GRUDA fo’o ¢ |
“ L = LCA)
BRUNHES G % () GNIEW, LOWER
NORMAL 4 3] S Interstadial
POLARITY 5 ] w NEMUNAS,
CHRON e 3 = Early
|b | KASZUBY, Periglacial
5lc Stadial
i d
LI e hn Eemian EEM, Interglacial |
13200 Saale 3 W ]
Lv WARTA, MEDININKAL 2 ?
6 ARTHE Rigen
= i Glacial
" . P Glacial acia Wy )
[ 15200 | wl 7 1 Drcnﬂle-wflgﬂg i.g. LURBLIN, nterglacial 3
15200 SAAL. i
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Glaciation are grey-brown with brown tint at the top, whereas
tills of the younger stadial are strongly weathered. Thickness
of tills of the youngest glaciation commonly does not exceed
18 m. Only in the section Norvydai, both tills are exception-
ally thick (78 m each), reaching jointly 156 m.

Twelve 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 in the central
Mazury Lakeland (Table 2). All tills in the borderland and in
the Mazury Lakeland belong to eight glaciations. In the 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 (S. Lisicki,
1996b). 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 Nare-
wian Glaciation is consistent with that of atill in the Augustéw
Lowland and designated T1B (J. A. Czerwonka, D. Krzysz-
kowski, 1995). This till occurs there under sediments of the
Augustéw Interglacial, i.e. the oldest interglacial investi-
gated by palynologic analysis (Table 5).

Tills of stadials of the Nidanian Glaciation in northeastern
Poland are also close to each other in their petrography. In the
borderland, the older till occurs only in glacial 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 Augustéw Lowland,
which — in the author opinion — occurs in a secondary
deposit, and to the tills designated T2A and T3A, both in situ
in the same area. A younger till of the Nidanian Glaciation
corresponds to the first (oldest) lithotype of till P of the
South-Polish Glaciation (J. Rzechowski, 1974, 1977, 1986).

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

The overlying till of the Wilgian Glaciation in the Suwatki
Lakeland (Fig. 4) area indicates more dolomites (Dp), similar
content of crystalline rocks (Kr), which has not been observed
in the Mazury Lakeland (Table 2). Index for this till is close
to a lithotype of a coeval till in southern Mazowsze (J.
Rzechowski, 1986) or tills T2B, T2D, and T3D in the Augus-
tow Lowland (J. A. Czerwonka, D. Krzyszkowski, 1995).
Assignment of several lithotypes of tills from the Augustéw
Lowland to a till lithotype in the Suwatki Lakeland is due to
slightly different calculation (made by the author) of the mean
petrographic coefficients for tills in the Augustéw area. This
is also due to separation of tills in glacial rafts. A till of the
Wilgian 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 (S. Lisicki, 19965, 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 Glaciation (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 Augustéw Lowland, loams of the red clayey com-
plex indicate similar petrographic characteristics (J. A. Czer-
wonka, D. Krzyszkowski, 1995).

Lacustrine sediments with remnants of flora and mollusc
shells, presumably of the Mazovian Interglacial, occur in the
section Zytkiejmy F. H. at depth of 184.2-193.0 m. Sediments
of the same age are also noted in other analyzed sections e.g.
at Zytkiejmy (Fig. 4). The section at Norvydai contains silty
sands with admixture of humus and plant fragments at depth
211-215 m, and individual fragments of shells below. O.
Kondratiene (pers. comm.) 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
(Dp), in comparison with a till of the same glaciation in the
central Mazury Lakeland (Table 5). Its petrographic charac-
teristics are also similar to those in tills, designated T5 and
T3B in the Augustéw 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 their petrographic composition in the Augustéw
Lowland.

Basing on the author’s comparative studies, a conclusion
can be drawn that coeval glacial horizons are similar, in
respect to their petrography, in entire northeastern Poland and
the Mazowsze Plain,

LITHUANIAN METHOD: LITHOSTRATIGRAPHIC
AND STRATIGRAPHIC CONCLUSIONS

Petrographic composition of gravels from tills by A. L.
Gaigalas in the ViStytis 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 till of the Dzukija complex contains more crystalline
rocks (Kr) and northern limestones (Wp), and decreased
amount of northern dolomites (Wp) and Cretaceous marls.
Tills of the Dainava complex have, first of all, a higher than
average content of crystalline rocks (Kr) and Cretaceous
marls, and decreased amount of northern dolomites (Dp). The
latter reach maximum in tills of the Zemaitija complex. On
the other hand, these tills 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 Cretaceous marls. A
till of the Nemunas 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 or relatively essential differences in pe-
trographic characteristics in respective and presumably
coeval tills in six Lithuanian regions, distinguished by A. L.
Gaigalas (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 (8. Lisicki, 1996b, 1997) or for strongly wea-
thered tills (Table 4). The same symbols (¢f. Fig. 2) have been
used to appoint 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 Ny. Tills of the
Dainava complex correspond to a till of the younger stadial
of the Nidanian Glaciation N». Tills of the Zemaitija 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 Sy and S,. Tills
of the Medininkai complex do not represent tills of the War-
tanian Glaciation W and W, but correspond to tills of the
Odranian Glaciation O and O,. Tills of the Gruda complex
are in fact of the older (Swiecie) stadial of the Vistulian
Glaciation By, and tills of the Baltija complex represent the
younger (Leszno—Pomeranian) stadial of the same glaciation
B,. Lithuanian equivalents of the Narewian A and Ay, Sanian
Sy and S, and Wartanian W and W5 Glaciations are lacking
in the compilation (Table 5). In a scheme of A. 1. Gaigalas
(Table 5), there is no lithostratigraphic equivalent of tills of
the Narewian Glaciation A and Ay, recognized in the border-
land area, probably due to a lack of this complex in the Vistytis
region in southern Lithuania. Tills of the Sanian Glaciation S,
and Sy, sporadically present in the Suwatki Lakeland, contain,
however, slightly increased content of crystalline rocks (Kr),
their petrography is similar to the one of tills of the Zemaitija
complex. This similarity could make tills of the Sanian Gla-
ciation S; and S; be included into a lithostratigraphic complex

of Zemaitija, which corresponds presumably to tills of the
Wilgian G and Liwiecian C Glaciations. Tills of the Warta-
nian Glaciation W and W, are thin (several metres only) and
predominantly occur within a thick sandy-gravelly complex
that separates tills of the Odranian O and O and the Vistulian
B and B Glaciations (Fig. 4). Poor development of tills of
the Wartanian Glaciation Wy and W, in 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-
velly complex to the Vistulian (Nemunas) Glaciation seems
groundless.

CONCLUSIONS

1. All lithostratigraphic complexes of the Pleistocene in
the Vistytis region, distinguished by A. I. Gaigalas (Fig. 2),
correspond to some lithostratigraphic horizons distinguished
in the Wizajny area (Fig. 3).

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

3. The lithostratigraphic scheme by A. L. Gaigalas for
southern Lithuania does not fit to the scheme of stages and
stadials in Poland (Table 5). Complexes of Dainava, Zemaitija
and Medininkai do not correspond to chronostratigraphic
stages designated with the same names. Furthermore, the
Zemaitija complex seems to be correlated with tills of the
Liwiecian Glaciation C and/or the Wilgian Glaciation G, or
even the Sanian Glaciation S; and S. In northeastern Poland,
tills of the Wilgian and the Liwiecian Glaciations separate
sediments of the Mazovian Interglacial M, defined by paly-
nologic analysis. In southern Lithuania, no stratigraphic com-~
plexes were distinguished that could correspond to the
Narewian A and Ay, Sanian S| and S; and Wartanian Wy and
W, Glaciations.

4. It is supposed that stratigraphic position of tills in
southern Lithuania seems to be at least controversial. This
could also be indicated by the idea of A. 1. Gaigalas 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 likely that re-
peated spatial correlation of tills in Lithuania may result in
more clear determination of their petrographic image, thus a
more complete lithostratigraphic and stratigraphic conforma-
bility of Pleistocene sediments in Lithuania and northeastern
Poland.

Translated by Zdzistaw Siwek
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PROBA KORELACJI LITOSTRATYGRAFICZNE]J GLIN ZWALOWYCH
POLSKI POLNOCNO-WSCHODNIE] I POLUDNIOWEJ LITWY

Streszczenie

W Polsce i na Litwie stosuje si¢ od lat podobng metodyke oceny cech
diagnostycznych osadéw morenowych bedacych podstawa korelacji lito-
stratygraficznej plejstocenu. Dla potrzeb realizacji Szczegdfowej mapy geo-
logicznej Polski w skali 1:50 000 wykonuje sig standardowe badania
litologiczno-petrograficzne osadéw plejstoceriskich, pobieranych z rdzeni
wiertniczych. Metodyka takich badar zostala opracowana w Polsce przez J.
Rzechowskiego (1971, 1974), a na Litwie przez A. I, Gaigalasa (1979).
Najbardziej przydatnymi do okreglania litostratygrafii osadéw morenowych,
a tym samym dla konstrukcji schematéw stratygraficznych plejstocenu, s
wyniki analizy sktadu petrograficznego Zwirw glin zwalowych.

Dla analizy skiadu petrograficznego Zwiréw (prébki zawierajace min.
100 ziaren o $rednicy 5-10 mm) z glin zwalowych, stosowanej w Polsce,
oblicza si¢ zawarto$¢ procentowgq réznych grup skal skandynawskich (p6t-
nocnych — paleozoicznych i starszych oraz bardzo rzadko spotykanych na
terenie Polski skal triasowych i jurajskich): skaty krystaliczne (Kr), wapicnie
(Wp), dolomity (Dp) piaskowce i kwarcyty (Pp), kwarc (Q), oraz lokalnych
(trzeciorzedowych i kredowych): wapienie i margle (W), piaskowce (PL)
oraz mulowce i itowce (ML). Nastepnie oblicza si¢ wskaZniki petrograficzne
O/K-K/W-A/B charakteryzujgce zaleznosci migdzy udzialem réznych grup
skal skandynawskich (p6inocnych) w zwirach glin zwalowych, gdzie: O —
suma skal osadowych (Wp + Dp + Pp + tupki péinocne), K — suma skat
krystalicznych i kwarcu péinocnego (Kr+ Qp), W —sumaskal weglanowych
(Wp + Dp), A — suma skat niecodpornych na niszczenie (Wp + Dp + lupki
péinocne), B — suma skat odpornych (Kr + Qe + Pp).

Stosowana na Litwie analiza skladu petrograficznego zwiréw (prébki
zawierajace ok. 300 ziaren o §rednicy 5-10 mm) z glin zwalowych obejmuje:
skaly krystaliczne, kwarc pélnocny, skalenie i podrzgdnie kwarcyty (w
przyblizeniu odpowiadajace w polskiej metodzie sumie skat krystalicznych
i kwarcu péinocnego — Kr + Qp); jotnickie, paleozoiczne i mezozoiczne
piaskowce, rzadko mulowce (w polskiej metodzie piaskowce péinocne —
Pp); dewoiiskie dolomity (w polskiej metodzie dolomity pétnocne — Dp);
wapienie organogeniczne ordowiku i syluru oraz pozostale wapienie paleo-
zoiczne, triasowe i jurajskie (w polskiej metodzie lacznic wapienie péinocne
— Wp; a takie kredowe margle (w polskiej metodzie w przybliZeniu wszy-

stkie skaly lokalne — gléwnie, trudne do rozdzielenia, wapienie i margle
kredowe i paleoceriskie — Wi, + P + ML).

W opracowaniach litewskich zawarto§é procentowg tych skal przedsta-
wia si¢ w formie stupkowej. Warto§é 100% stupka dopetniaja, podobnie jak
w metodzie polskiej, krzemienie, lidyty, fosforyty i in. A. 1. Gaigalas (1979)
prezentuje wyniki badaii petrograficznych réwniez w postaci histogramu
ukazujgcego réZnice w zawarto$ci Zzwiréw réznych skat dla poszczegélnych
kompleksdw glin zwatowych w stosunku do §redniej zawartodci tych zwiréw
obliczonych dla wszystkich glin z wielu profiléw danego regionu. Histogram
taki zostal przckazany stronie polskiej w 1995 r. Przedstawia on usredniong
charakterystyke petrograficzng glin zwatowych z rejonu Vistytis (fig. 3).
Identyczng metodg wykonano uérednienie dla analizowanych w niniejszym
opracowaniu glin zwatowych (fig. 4).

Materiat geologiczny pochodzi z szedciu olworéw wiertniczych zlokali-
zowanych na pograniczu polsko-litewsko-rosyjskim w rejonie Wizajn (fig.
1). Pigc otwordw (Zylkicjmy Nadlesnictwo, Zylkiejmy, Bolcie, Stankuny i
Poszeszupie) wykonano po stronie polskiej w ramach realizacji arkuszy
SMGP: Zytkiejmy, Wizajny i Poszeszupie. Po stronie litewskiej wykonano
otwdr Norvydai, ktérego profil byt badany w ramach wspélpracy polsko-li-
tewskiej. W analizowanych profilach wyrézniono osady o§miu zlodowaceri
i okreslono ich pozycje stratygraficzng. Nawiazano do wynikéw badaii i
klasyfikacji litostratygraficznej z centralnej czgsci Pojezierza Mazurskiego
(S. Lisicki, 19964, b, 1997) i Niziny Augustowskiej (A. J. Czerwonka, D.
Krzyszkowski, 1995).

Przyjeta korelacja litostratygraficzna glin zwatowych Polski péinocno-
wschodniej i poludniowej Litwy przedstawia sig nastgpujaco:

— gliny kompleksu Dzukija odpowiadajg glinie starszego stadialu zlo-
dowacenia nidy Ni;

— gliny kompleksu Dainava odpowiadaja glinie mlodszego stadiatu
zlodowacenia nidy Na;

— gliny kompleksu Z:maitija. charakteryzujgce si¢ maksymalng zawar-
toécig dolomitéw (Dp), odpowiadaja glinie zlodowacenia wilgi (G) i zlodo-
wacenia liwca (C), by¢ moze réwniez glinie zlodowacenia sanu S i S2;

— gliny kompleksu Medininkai to nie gliny zlodowacenia warty W i
W2, ale gliny zlodowacenia odry O; i O2;



172 Stanistaw Lisicki

— gliny kompleksu Griida odpowiadajg glinie starszego stadiatu (Swie-
cia) zlodowacenia wisty B1;

— gliny kompleksu Baltija odpowiadajg glinie miodszego stadiatu (le-
szezynsko-pomorskiego) zlodowacenia wisty Ba.

Korelacje litostratygraficzng (tab. 5) skonstruowano na bazie korelacji
stratygraficznej plejstocenu Polski i Litwy wedlug J. Satkunasa i in. (1996).
W tabeli brak litewskich odpowiednikéw zlodowacenia narwi A, sanu S i
warty W. Brak glin zwatowych zlodowacenia narwi mozna ttumaczy€ bra-
kiem tego kompleksu w rejonie Vistytis (potudniowa Litwa). Rzadko wyste-
pujace na Pojezierzu Suwalskim gliny zwatowe zlodowacenia sanu cechuje
zblizona do glin kompleksu Zemaitija charakterystyka petrograficzna, choé
te pierwsze wykazujg nieco podwyzszong zawarto$é skat krystalicznych (Kr),
To podobieristwo byé moze spowodowalo wigczenie glin zlodowacenia sanu
do kompleksu litostratygraficznego Zemaitija, ktéry odpowiada prawdopo-
dobnie glinom zlodowacenia wilgi G i liwca C. Gliny zwalowe zlodowacenia
warty sq cienkie (do kilku metréw grubosci) i przewaZnie wystepuja wéréd
migzszego kompleksu piaszczysto-Zwirowego rozdzielajgcego poziomy mo-
renowe zlodowacenia odry Oy i Oz i wisly B1 i B2 (fig. 4). By¢ moze stabe
wyksztalcenie glin zlodowacenia warty Wi i W2 w rejonie pogranicza pol-
sko-litewskiego spowodowalo pominigcie ich po stronie litewskiej w chara-
kterystyce petrograficznej i litostratygraficznej. Geolodzy litewscy
nieslusznie wigczyli caly wspomniany kompleks piaszczysto-zwirowy do
zlodowacenia wisly (Nemunas).

Przedstawiony material upowaznia do sformutowania nastgpujacych
wnioskdw:

1. Wydzielone przez A. 1. Gaigalasa kompleksy litostratygraficzne plej-
stocenu rejonu Vistytis (fig. 2) odpowiadajg niektérym poziomom litostraty-
graficznym wydzielonym w rejonie Wizajn (fig. 3).

2. Potudniowolitewskie kompleksy litostratygraficzne o okreslonej od
lat pozycji stratygraficznej wiekowo czgsto nie odpowiadajg przyporzad-
kowanym im poziomom litostratygraficznym na terenie Polski (tab. 5).

3, Do przedstawionego w tabeli 5 schematu podzialu stratygraficznego
Polski i Litwy nie pasuje schemat litostratygraficzny opracowany przez A. I.
Gaigalasa dla rejonu poludniowej Litwy. Kompleksy: Dainava, Zemaitija i
Medininkai nie odpowiadaja wyréZnionym w tabeli pigtrom chronostraty-
graficznym o takiej samej nazwie. Wydaje sie ponadto, Zze kompleks Zemai-
tija mozna korelowaé z glinami zlodowacenia liwca C i (lub) wilgi G, a moze
nawet i zlodowacenia sanu S| i S2. W Polsce péinocno-wschodniej gliny
zwatowe zlodowacenia wilgi G i liwca C rozdzielaja zbadane palinologicznie
osady interglacjalu mazowieckiego M. Na terenie poludniowej Litwy nie
wyrézniono kompleks6w litostratygraficznych odpowiadajacych zlodowa-
ceniom narwi A i Az, sanu S11i S21 warty W1 i Wa.

4. Okreslenie pozycji stratygraficznej glin zwatowych potudniowej Li-
twy jest dyskusyjne. Zdaje sig §wiadczyé o tym réwniez poglad A, 1. Gaiga-
lasa méwigcy o réznym, regionalnym wyksztalceniu petrograficznym
réwnowiekowych komplekséw glacjalnych Litwy. Poglad ten jest sprzeczny
zrysujacym sie dodé jednolitym obrazem petrograficznym réwnowickowych
glin zwalowych Polski péinocno-wschodniej. Byé moze ponowna, prze-
strzenna korelacja komplekséw glin zwatowych Litwy doprowadzi do wig-
kszego ujednolicenia ich obrazu petrograficznego, a tym samym do petnej
zgodnosci litostratygraficznej i stratygraficznej osadéw plejstoceriskich na
obszarze Litwy i Polski péinocno-wschodniej.



