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Natural gamma radiation at the sea level around the Antarctic continent
recorded south of the 62° parallel

Naturalne promieniowanie gamma na poziomie morza wokot kontynentu
antarktycznego zarejestrowane na potudnie od rownoleznika 62°

Abstract This study presents the results of dosimetry radiation measurement performed in the Antarctic region at the surface of the sea
which was conducted between January and March 2018. Over 2 200 records were collected using a portable Gamma Scout Online
radiometer during a 72-day voyage circumnavigating the continent of Antarctica. The mean average of the measured radiation
dose rate was 0.091 pSvh* and varied from 0.052 to 0.193 pSvh™. These result are above global average dose rate of radiation
at sea level (0.031 pSvh?) and often higher than those recorded on the Antarctic continent. Yet generally our records fall within
well recognized latitudinal trend of radiation being higher toward poles. This is results of troposphere begins at lower altitude in
Antarctic in comparison to lower latitudes. The origin of this radiation is natural and results from the presence of higher cosmic
rays and secondary radiation induced in the atmosphere. The presence of terrestrial radionuclides in the Antarctic environment
has a local, secondary influence on the measured values of radiation. The theoretical calculated annual dose equivalent for
humans present in Antarctica could often exceed the limit of 1 mSv as recorded for other Antarctic locations yet our results
(0.772 mSv per year) do not confirm that.

Keywords Antarctic continent, sea level, dose rate monitoring, cosmic radiation, hazards of ionizing radiation.

Zarys tresci W pracy przedstawiono wyniki dozymetrycznych pomiaréw promieniowania, przeprowadzonych przez zatoge jachtu Katharsis II,
w trakcie 72-dniowego rejsu wokdt Antarktydy. Podczas rejsu trwajacego od stycznia do marca 2018 roku, za pomocg przenosne-
go radiometru Gamma Scout Online rejestrowano dawki promieniowania na poziomie morza w odstepach 10-minutowych. Po
wstepnej analizie statystycznej uzyskano dane w postaci 2 200 rekorddw, ktére wykorzystano do wnioskowania o rozktadzie pro-
mieniowania w rejonie Antarktyki. Srednia zmierzona moc dawki promieniowania wyniosta 0,091 uSvh™ i wahata sie od 0,052 do
0,193 pSvh™. Wyniki te sg powyzej Sredniej globalnej mocy dawki promieniowania na poziomie morza (0,031 pSvh?) i czesto
wyzsze niz te zarejestrowane bezposrednio na Antarktydzie. Jednak, generalnie zarejestrowane przez nas dawki promieniowania
mieszczg sie w dobrze rozpoznanym réwnoleznikowym trendzie, w ktérym promieniowanie jest wyzsze w kierunku biegundw.
Zwigzane jest to z ciefiszg warstwg troposfery w rejonach biegunowych w poréwnaniu z nizszymi, réwnikowymi szerokos$cia-
mi geograficznymi. Ogdlnie pochodzenie tego promieniowania jest naturalne i zwigzane z silniejsza penetracjg troposfery przez
promieniowanie kosmiczne oraz obecnoscig promieniowania wtérnego indukowanego w atmosferze. Obecnos$¢ radionuklidow
naziemnych w $rodowisku Antarktyki ma lokalny, wtérny wptyw na mierzone wartosci promieniowania. Teoretycznie obliczo-
ny roczny ekwiwalent dawki dla ludzi, w réznych miejscach Antarktydy, moze przekracza¢ limit 1 mSy, natomiast nasze wyniki
(0,772 mSv rocznie) tego nie potwierdzaja.

Stowa kluczowe  Kontynent antarktyczny, poziom morza, monitorowanie mocy dawki, promieniowanie kosmiczne, zagrozenia promieniowaniem
jonizujgcym.

1. Introduction The origin of cosmic radiation can be divided into galactic

radiation, solar radiation, and radiation from the earth’s

The cosmic radiation is defined as mixed protons (85.5%
contribution) and alpha particles (12%) together with
other heavier nuclei (including uranium). The energy of
the cosmic particles ranges from 108 to 10%°eV. As a result
of interactions of primary cosmic rays in the upper layers
of the earth’s atmosphere, secondary components can
be produced, which include particles of muons, neutrons,
electrons, positrons, and photons (UNSCEAR 2000).

radiation, so called Van Allen belts. Dose rate values vary
drastically with the route (latitude, longitude, altitude)
and the phasing of the solar event. High-energy protons
and electrons are captured by magnetic fields and create
mentioned Van Allen belts over the Earth (Métrailler et
al. 2019). The daily equivalent dose to human skin in the
internal belt is equal to several tens of Sieverts for protons
and thousands of Sieverts for electrons (UNSCEAR 2000).
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In general, the presence of a magnetic field dramatically
reduces the cosmic radiation dose close to the earth’s
surface. Minimal dose rates can be observed on the
equator and maximal values can be observed near to
the geomagnetic poles. With increasing altitude the
effective dose of cosmic radiation can be raised even
fourth fold (Cai et al. 1995; Nakajima et al. 1995; UNSCEAR
2000; Kruetzmann 2006; Bakshi et al. 2017).

Cosmic radiation interacts with nuclei present in the
atmosphere; the resulting interaction produces charged
and uncharged nuclei, neutrons, pions, and radionuclides
e.g.%H,’Be, “C, 2Na, and others. After cascade reactions in
the atmosphere, most energy reaches the Earth’s surface
as secondary particles and photons. As a result of pions
decaying, charged muons are effectively generated. High-
-energy muons (with energies from 1 to 20 GeV) make
a significant contribution to equivalent doses at ground
level (UNSCEAR 2000).

A global average dose rate of radiation at sea level was
estimated to be 0.031 uSvh. The annual effective dose
from the ionizing component of cosmic rays is believed
to be 270 pSv. This is 10% of the total dose from natural
radiation (UNSCEAR 2000).

This study focus on the Antarctic region where the
natural dose rate of radiation is believed to be higher than
at the equator. Several factors are responsible for this in-
cluding (1) proximity to the geomagnetic pole, (2) overall
significant high altitude of the Antarctic continent, (3) thin
layer of the atmosphere and (4) significant local contribu-
tion of natural radionuclides in soil, rocks, and sediment
(Cai et al. 1995; Nakajima et al. 1995; UNSCEAR 2000;
Kruetzmann 2006; Bakshi et al. 2017).

The Antarctica magnetic and geomagnetic poles
differ from the 90°S geographic South Pole due to their
constantly shifting locations. In 2015, the magnetic South
Pole was located at 64°28’Sand 136°59’E (UNSCEAR 2000).
The height of the troposphere depends on the latitude
and altitude. In the South Pole region, the troposphere
begins at an altitude of 8 km, while at the equator, this
lies at approximately 17 km. High energy particles from
space (e.g. protons) collide with the atoms in the upper
layers of the atmosphere and are effectively transported
through the troposphere to the Earth’s surface. As
a result, UV radiation in Antarctica has an elevated value.
The thinner layer of atmosphere in the Antarctic region
has significant potential to reduce the protection effect of
the biosphere (Bakshi et al. 2013, 2017).

An almost two-kilometer thick ice sheet covers 98%
of Antarctica. Antarctica is the continent with the highest
average elevation — 2500 meters with its highest peak
Mount Vinson (4897 m a.s.l.). Such geomorphological
characteristic of the continent reduces distance to the
troposphere resulting in higher dose of cosmic radiation
than for example at the equator (UNSCEAR 2000).

Radioanalytical research in Antarctica polar regions
are not common. Cai et al. (1995) noticed that the
distribution of natural, terrestrial radiation in the Antarctic
region is very irregular. At Bharati, the Indian Antarc-
tic research station (69°24’S, 76°11’E) in the Larsmann
Hills, the gamma radiation was recorded at average level
of 0.203+0.010 uSvh?, which is a few times higher than
in other locations on this continent. In some regions of
Antarctica, the concentration of natural radionuclides
22Th and “°K, which contribute to local level of radiation,
is significantly higher than in other locations. In soil
samples collected close to Bharati Station, the activity
concentrations of *’Th and “K were 228+51 and
100650 Bgkg? respectively. In Terra Nova Bay (Scuba
Lake, 74°20’S and 165°07’E), *°K activity concentrations
measured in lake sediments and soil were 1150+16
and 1334+10 Bgkg? respectively (ICRP 1990; Bakshi et
al. 2017). There is evidence that at higher altitudes and
closer to the magnetic South Pole the equivalent dose
could increase above the limit of 1 mSv per year, which
is recommended amount of radiation for public exposure
(ICRP 1990). The presence of higher concentrations of
terrestrial radionuclides in some regions can increase the
local dose rate.

During the 60s and 70s at McMurdo Station (US An-
tarctic base), located 1360 km from the South Pole,
a portable nuclear reactor provided a power supply. The
small nuclear reactor called Nukey Poo was planned to be
the first of many installed in Antarctica. The reactor was
powered by highly radioactive °°Sr pellets. High costs and
the environmental impact resulted in the closure of the
facility in October 1972. The presence of radioactive pol-
lution in the local environment caused political tensions.
The reactor vessel and reactor components, primary
building, and thousands of tons of crushed contaminated
rocks and other waste were removed and sent back to the
USA (Report 2013).

This study takes unique opportunity to measure
radiation in off shore waters around Antarctica during
one summer season which was provided by voyage of
a sailing vessel south of the 62° parallel. No such trip in
human history was ever conducted what Guinness record
achievement by the crew is confirming. This study aims
to estimate for the first time ever the equivalent dose
rate around Antarctica at the sea level. We hypothesize
that the radiation in off shore waters of Antarctica will
be lower than that on the continent as effect of altitude,
yet it will fall within the latitudinal trend. There has been
no similar study that had attempted to provide such
information, therefore it was also necessary to investigate
the contribution of secondary cosmic rays in the dose rate
due to magnetic South Pole displacement and secondary
radiation distribution in the Antarctic environment. This
study is providing baseline information which exhibit the
current radiation state of the area.
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2. Materials and methods

The non-stop sailing on the yacht Katharsis 1l from Cape
Town, South Africa to Hobart, Australia around the
Antarctic continent took place between 23 December
2017 (06:56:20 UTC) and 5™ April 2018 (05:55:25 UTC)
(Fig. 1, 2). The whole expedition lasted 103 days, while
circumnavigation of Antarctica bellow 62° parallel lasted
72 days.

The radiation dose rate was measured with use of
a Geiger-Miller Gamma-Scoutevery 10 minutes during
the whole voyage. The yacht position was recorded
simultaneously with measurements (Fig. 1).

Fig 1. The radiation dose rate analysis by Geiger-Miller Gamma-Scout
on Katharsis Il yacht

Ryc. 1. Radiometr Geiger-Miller Gamma-Scout w reku kapitana Micha-
fa Barasinskiego na jachcie Katharsis Il, w porcie Cape Town, RPA, dzien
przed startem

30°0'0"W 20°0'0"W 10°0'0"W 0°0'0" 10°0'0"E 20°0'0"E 30°0'0"E
1 1 1 1 1 1
Start:
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\
1
i
| - 30°0'0"S
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- 40°0'0"S
40°0'0"S 3 )
Fig 2. The gamma dose rates
) [uSvh?] measured during the
voyage around the continent of
Antarctica
Ryc. 2. Mapa przedstawiajaca
trase rejsu oraz zarejestrowane
dookota Antarktydy moce dawki
promieniowania gamma [uSvh?]
40°0'0"S
- 40°0'0"S
30°0°0"S . . ’ J
The route of the cruise according to « Q
GPS indications. Radiation values in pSvh* e
Finish: - 30°00"S
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3. Results

The dose rate at sea level in Antarctica and partly outside
Southern Ocean measured during circum Antarctic sailing
expedition is presented in Fig. 1-4. The average dose rate
recorded from the beginning to the very end of the
expedition (103 days) was 0.091+0.010 uSvh* ranging from
0.076 to 0.139 uSvh? (Fig. 1-3). Similar average dose rate
which equals 0.091+0.008 puSvh?! was measured during
72 days of the circumnavigation of Antarctica which took
place only south of the 62° parallel. The elevated values
in comparison to the overall results have been noticed
close to Cape Town (South Africa) starting from 23 to 27t

of December 2017. Taking into account our values from
whole expedition such pattern of radiation does not follow
the latitudinal trend of higher radiation values at high
latitudes and this is most likely the result of proximity of
land (South Africa) which cause the presence of elevated
concentrations of terrestrial radionuclides in soil and rocks.
After this zone with highest values of radiation we recorded
reduced, the lowest during period of measurement values
of radiation which were obtained between 27% December
2017 and 10*" January 2018 (Fig. 3, 4). Interestingly we have
not recorded elevated values in the vicinity of magnetic
pole which was reached by the expedition on the 31 of
January.

— 0,150 ~
< )
>
a
= 0,100
o Y
=)
©
S
@ 0,050
o Y
T
£
£ 0,000 o
i SECNE5555555555555558988588588888898383388383838838333
(=] ODOLOUMNODO-TANTOOONTOOOANT OOOTTHUOMNMNDDTNUNMNODOTOULUNTOHOONMNDTTOUONOOOTMWONOD - N S
ANANNNMNMOOOOrrrmrmrrANANAN ANNMNMOOODODO T rmrrmrANINANNOOODOOTrrrmrrrANANANNANMOO
date
Fig. 3. Results of the average daily doses of gamma radiation recorded during the entire 103 days of the cruise
Ryc. 3. Wyniki $rednich dobowych dawek promieniowania gamma zarejestrowanych w ciggu 103 dni rejsu
All measured values of radiations during this Low natural radon ground level activity and low arti-

investigation are above a global average dose rate at sea
level which is estimated to be 0.031 uSvh?* (UNSCEAR
2000). And such pattern is not a surprise as our result
overall follows the known latitudinal pattern of radiation
being higher towards higher latitudes therefore our
predictions are confirmed. For comparison, at the
Papeete-Tahiti_987_Agg_Cp location on the Pacific Ocean
island, the gamma dose rate was measured as 0.059 uSv/h;
on the Atlantic Ocean island location Fratel-Sara the
monitored dose rate was 0.023 puSvh?; and on the Indian
Ocean island Location St-Louis-La-Reunion_974_Agg Cp,
the dose rate was 0.067 uSv/h (JRC map), and in Poland
0.090 upSv/h (Dtugosz-Lisiecka 2019; Dtugosz-Lisiecka,
Nowak 2021). Such pattern is the result of already
mentioned in the introduction height of the troposphere
which at high latitude starts lower and could be at 8 km
altitude in comparison to tropical areas where it is located
at 17 km. From a radiological perspective, average value of
the gamma dose rate equal 0.091 uSvh? in the Antarctic
region could be the result of the elevated radiation, on
the one hand, and on the other hand, the presence of
elevated concentration of terrestrial radionuclides in soil
and rocks. Additionally in Antarctica, over 100 volcanoes
have been discovered; most of them are still beneath
the ice sheet, which can contribute to overall radiation
elevation (Riley et al. 2020; Smellie 2020).

ficial radionuclide content at sea level around Antarctica
indicate indeed relatively low gamma radiation content
in this region (Szufa et al. 2018; Mietelski et al. 2000;
Szufa et al. 2021). The maximum 22U and 2**U activity
measured in mosses and lichens was equal 7 Bg/kg,
respectively, while observed '*’Cs activities show large
variations: from 4.1+0.4 to 74 +3 Bg/kg.
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Fig. 4. Equivalent distribution of gamma radiation dose [uSv/year] in the
Antarctic region over 103 travel days

Ryc. 4. Rownowazny rozktad dawki promieniowania gamma [uSv/rok]
w rejonie Antarktydy w ciggu 103 dni podrézy
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Yetwhenitcomestocomparisonofourresultwith other
locations in Antarctica situation is getting complicated
and dose rate values vary drastically (Fig. 4). The dose
rate or equivalent dose rates measured in previous years
at various Antarctic locations are summarized in Table 1.
Some results exhibited values of radiation even at sea
level yet in the proximity to land or at higher altitudes
lower than the ones recorded offshore by this study. For
example, the atmospheric radiation level at the Marambio
Antarctica Base (64°13'S — 6°43'W; 196 m above sea level)
measured in 2015 by a LIULIN 3 dosimeter was 0.080+
0.001 uSvh (Zanini et al. 2017). Measurements in vicinity
to the sea however within the ice (93 cm) at Showa Station

(69°00°15”S, 39°34’48”E) have shown radiation at the
level of 0.043 uSvh! (Nakajima et al. 1995). As Nakajima
et al. (1995) stated these values are result of dependence
on altitude above sea level of the exposure rate increases
by almost three-fold with each increase of 2000 m of
altitude (Fig. 5). On the other hand, we have examples
of measurements which had values much higher to the
once recorded by us. Bakshi et al. (2013) recorded values
of radiation ranging between 0.350 and 0.700 uSvh. Such
high values were ascribed to variation in the fast neutron
dose rate measured from the surrounding materials of the
detector sets and to peak solar activity during 2011-12
periods.

Table 1. Dose rate and equivalent dose rate at different Stations in Antarctica

Tabela 1. Moc dawki i rGwnowazna moc dawki na réznych stacjach na Antarktydzie

Location/Coordinates

Dose rate/equivalent dose rate

Reference

Measurement method

69°24'50"S, 76°11'24"E

0.290+0.035 pSvh*

(Guillaume and Sébastien 2017)

Passive/TLD

69°24'56"S, 76°12"12"E

0.371£0.024 pSvh*!

(Guillaume and Sébastien 2017)

Passive/TLD

69°22'23"S, 76°22'17"E

0.200-0.600 pSvh*range

(Bakshi et al. 2013)

Active survey

69°22'23"S, 76°22"17"E

0.290-0.380 pSvh™

(Bakshi et al. 2013)

Passive/TLD

Showa Station

-1
69°00'15"S, 39°34'48"E 0.043 pSvh

Passive/TLD

(Nakajima et al. 1995) o8 @ A= e

Bharati Station

—| -1
69°24’50"S, 76°11'24”E 0.350-0.700 pSvh*range

(Bakshi et al. 2013) Active/RadEye G

Argentine Antarctic Marambio

+ -1
64°1427"5, 56°3738"W 0.042+0.003 pSvh

(Nakajima et al. 1995) Active Atomtex BDKG-04 detector

McMurdo Station 150 m a.s.l.

+ 1
77°50'53”S, 166°40'06” E 0.076+0.024 psvh

(Kruetzmann 2006) Passive/TLD

South of the 62° parallel,

around Antarctica 0.091+0.010 uSvh* this study Active/Gamma-Scout
In the Antarctic region, due to the high altitude and 0.8

the very low magnetic field. On the basis of equation

(1) cosmic ray dose rate appears to double for every °

two-kilometer rise in altitude (UNSCEAR 2000). For the e —

region with the highest elevation on the continent, with 3>: ,,>>,‘

an altitude of over 4 kilometers, an annual dose can be ‘g‘ {4 £

3-4 mSv per year (Fig. 5); similar results have been calcu- e 04 / g

lated by Bakshi et al. (2013). § / £
o (=
° da €

4. Conclusions 02+ ‘1// n

r*"’;{‘////
During the 103 days of the journey, members of the crew
were exposed to an average dose of 0.218 mSv (0.772 mSv 0.0 : z T U

per year). Sea level dose rate results measured in this
study are comparable with the values obtained for the
most European countries, over a similar time period. The
average dose rate during the circumnavigation of An-
tarctica south of the 62 parallel was 0.091+0.010 puSvh.
A similar value, 0.090 uSvh?, was measured in central
Poland. The global average dose rate of cosmic radiation

altitute [km]

Fig. 5. Graph of the variation, calculated theoretically from Equation 1,
of the gamma equivalent dose distribution [uSv/year] and dose rate with
increasing altitude in kilometers in the Antarctic region

Ryc. 5. Wykres zmiennosci, obliczony teoretycznie, na podstawie row-

nania 1, rdwnowaznego rozktadu dawki gamma [uSv/rok] i mocy dawki
wraz ze wzrostem wysokosci w kilometrach w rejonie Antarktydy
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for humans measured at sea level has been estimated at
0.36 mSv per year and the public radiation limit which
is not harmful to humans should not exceed 1 mSv per
year. Therefore, estimated radiation, which is result of at-
mospheric ionizing radiation induced by cosmic rays in the
region is rather no problematic to humans staying at sea
in Antarctic. Yet continental measurements in Antarctic
often exhibited an equivalent dose higher than those
allowed for humans of 1 mSv per year. At Bharati Station-
during 3 months period 1.68 mSv was recorded (Bakshi et
al. 2017). At Vostok Station located at the 3,5 km altitude
radiation was at the level of 0.84 mSv within the same
time framework (Guillaume and Sébastien 2017). Such
level of radiation can be harmful to humans, however,
there is no evidence of an increased incidence of cancer
for people staying for a limited period.
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Complex genesis of N-channel eskers illustrated with the example
of an esker near Tosie (east-central Poland)

Ztozonos¢ genezy 0z0w powstatych w tunelach typu N na przyktadzie
ozu okolic Tosi (Srodkowo-wschodnia Polska)

Abstract The study presents the problem of complex genesis of eskers formed in N-channels on the example of an esker located near Tosie
in east-central Poland. The lithofacies analysis revealed a high diversity of structural and textural characteristics of sediments
in this form. The esker consists of three sedimentation units. Coarse sediments of the esker core were deposited in the sub-
environment of a subglacial tunnel, as an effect of bedforms migration under hydrostatic pressure. Opening of the tunnel resulted
in the forming of an open crevasse, in which the cover of the esker core sediments was accumulated. These deposits recorded
a significant variability of flow energy and sedimentation mechanisms, which indicates a strong influence of the ice-sheet
ablation dynamics. During the final deglaciation stage, a part of the esker was covered with diamicton. Numerous soft-sediment
deformation structures were identified within the esker. The sediments were dislocated vertically to the elevation of more than
8 metres. They constitute the record of buried dead-ice masses melting in the esker core sediments. Melting of the masses
resulted in vertical displacement of sediments and formation of "the dead-ice structure". The complexity of esker genesis is
characteristic of postglacial areas in Poland, where most eskers were formed in subglacial N-channels. Numerous research results
confirm a considerably more frequent occurrence of the facies sequence of subglacial tunnel and open crevasse in eskers formed
in N-channels than R-channels. This is indicated by a much greater dissimilarity of processes during different stages of esker
formation on soft bed and solid substratum.

Keywords Esker, subglacial tunnel, open crevasse, glaciofluvial deposits, Saalian, Poland.

Badania ukazujg problem ztozonosci genezy ozéw powstajacych w tunelach typu N na przyktadzie ozu okolic Tosi w srodkowo-
-wschodniej Polsce. Analiza litofacjalna wykazata duze zréznicowanie strukturalnych i teksturalnych cech osadéw tworzacych for-
me. Oz zbudowany jest z trzech jednostek sedymentacyjnych. Gruboziarniste osady jadra ozowego powstawaty w subsrodowisku
tunelu subglacjalnego na skutek migracji form dna pod cisnieniem hydrostatycznym. Otwarcie sie tunelu spowodowato powstanie
rozpadliny lodowej, w ktérej nastepowata akumulacja jednostki pokrywajacej osady jadra ozu. W osadach tych zapisata sie znacz-
na zmienno$¢ energii przeptywu oraz mechanizméw sedymentacji, co wskazuje na duzy wptyw dynamiki ablacji lodowca. Podczas
ostatniego etapu deglacjacji czes¢ ozu pokryta zostata diamiktonem. W ozie stwierdzono liczne struktury deformacyjne. Osady
zostaty przemieszczone pionowo na wysokos$é ponad 8 m. Stanowig one zapis wytapiania sie pogrzebanych bryt martwego lodu
w osadach jadra ozu. Wytapianie sie bryt powodowato pionowe przemieszczanie sie osadéw i powstawanie tzw. dead-ice struc-
ture. Ztozono$¢ genezy ozéw jest charakterystyczna dla obszaréw polodowcowych Polski, gdzie wiekszo$¢ ozow powstaje w ryn-
nach subglacjalnych. Liczne badania potwierdzajg znacznie czestsze wystepowanie nastepstwa facji subglacjalnego tunelu i otwar-
tej rozpadliny w ozach powstajacych w tunelach typu N niz typu R. Wskazuje to na duzo wiekszg odmiennos¢ procesdéw podczas
réznych etapow formowania sie 0zéw na nieskonsolidowanym oraz litym podtozu.

Zarys tresci

Stowa kluczowe Oz, tunel subglacjalny, rozpadlina lodowa, osady glacifluwialne, zlodowacenie warty, Polska.

1. Introduction

Eskers have constituted the objects of scientific research
by many authors since the 19* century (Hummel 1874;
De Geer 1897; Gregory 1921; Rothlisberger 1972;
Banerjee and McDonald 1975; Shreve 1985; Gorrell and
Shaw 1991; Clark and Walder 1994; Brennand 1994, 2000;
Brennand and Shaw 1996; Fard 2002; Makinen 2003; Fard
and Gruszka 2007; Burke et al. 2008, 2009, 2010, 2015;
Gruszka and Van Loon 2011; Storrar et al. 2014ab, 2015;
Dewald et. al. 2021, and others). They are commonly
considered as glaciofluvial forms which originate within
glaciers or ice sheets in subglacial or englacial tunnels and

supraglacial channels. After deglaciation, they constitute
elongated sandy-gravelly ridges with various degrees of
sinuosity. On poorly permeable substrate, built mostly
of solid rocks, R-channel eskers predominate (Rothlisber-
ger 1972). These tunnels are formed in glacier bottom and
the flow inside them takes place under hydrostatic press-
ure (Rothlisberger1972; Brennand 1994,2000). H-channels
also originate upon solid substratum (Hooke 1984), cut
into the bottom of the glacier, but sediment transport
takes place under atmospheric pressure. They are not
completely filled with water and are formed under thin
ice. Where glacial water causes erosion of channels
cut into the substratum, N-channel eskers are formed
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(Nye 1973). Forms of this kind prevail in areas with sub-
stratum built of non-consolidated, sedimentary rocks. Such
conditions dominate in the postglacial areas of Poland.

A review of studies into eskers reveals a great diversity
of many of their characteristics, resulting from different
circumstance of their development, which are often
conditioned regionally. This is why regional studies seem
to provide the key to understanding many research
problems concerning eskers. A world-wide papers focused
on eskers are dominated with studies related to landforms
originating in areas with solid substratum as compared
with those formed upon soft bed. Research conducted in
N-channel eskers can still provide many new facts about
sedimentation mechanisms and formation of eskers (Fard
and Gruszka 2007; Salamon 2009; Roman 2016; Frydrych
2016, 2020).

Research for this article was conducted in an esker
near the village of Tosie, within the extent of the Saalian
Glaciation in east-central Poland. It was aimed at a sedi-
mentological analysis of an esker formed in an N-type
subglacial channel and reconstruction of its origin. Study
results contribute to the discussion about the genesis
of eskers and, in particular, about the differences in
the formation of eskers in areas with solid and non-
-consolidated substratum.

2. Regional setting

The study area is located in east-central Poland (Fig. 1A),
on the northern edge of the Siedlce Upland. It includes
small eskers located near the village of Tosie. This area
was most recently glaciated during the Late Saalian
(Wartanian) glaciation (MIS 6) (Marks et al. 2016). The
thickness of Quaternary sediments is 80-100 m.
The eskers are surrounded by fluvioglacial plains and
flat moraine plateaus. The thickness of glacial till is
variable and reaches a maximum of approximately 35 m
(Wrotek 2002). In some places, the plateaus are covered
with sheets of glacial sands and gravels. Near the esker
are small hummocks of dead-ice moraines and terminal
moraines, built of sands, gravels and boulders (Fig. 1B).
The area has numerous aeolian forms (Fig. 1B, 1C).
According to Wrotek (1998), there are 4 esker
ridges in the analysed area, separated with a dead-ice
moraine. The north-eastern () and south-western (ll)
sections constitute a form with a total length of 2 km
(Fig. 1C). This main ridge of the form has a sinuosity of
1.1. Its width ranges from approx. 70 to 130 m. The axis
of the form is oriented in the N-S direction (Fig. 1B, 1C).
The orientation of the 580-metre long north-western
section (Ill) is NW-SE and it is a tributary of the main
ridge. The length of the south-eastern section (IV) is
800 m and it is not clearly connected with the remaining
segments (Fig. 1C). The relative heights are small and
reach approx. 5 m. The northern and southern parts of the
main ridge have a clearly noticeable crest and symmetrical
slopes. Esker sediments reaches a thickness of more than
20 m (Fig. 1D). Drillings data and morphology of the forms

indicate that the channels are narrow and their slopes are
steep, particularly in the case of the channel of the western
main ridge. The contemporary surface of the eskers has
been strongly transformed by numerous quarries. The
research was conducted in the only operating pit in the
southern part of the main ridge (Fig. 1C).

3. Materials and methods

The research was conducted in an outcrop in the main
ridge of the esker (Fig.1C). Lithofacial characteristics
of the esker sediments were prepared on the basis of
structural and textural features, which were presented in
log profiles, with the use of Miall’s lithofacies code (1977)
as modified by Zielinski and Pisarska-Jamrozy (2012)
— Table 1. Directions of palaeoflows were determined
on the basis of orientation of layers and clast fabric.
The mean vector (V1, MV) and eigenvalues (S1, S3)
were calculated. Orientation of faults and deformation
structures were measured. Grain-size distribution was
analysed using the sieve method, direct measurements in
the outcrop and Automated Grain Sizing (AGS) using the
Digital Gravelometer software (Graham et al. 2005). To
obtain quantitative information on the conditions present
during the esker formation, palaeohydraulic analysis was
carried out. Critical shear stress (t.,) was established using
the formula for gravel bottom according to Costa (1983):
T, = 0.16 Dyps?*, where: t, — Pa, Dyps — mean size of
10 largest clasts in mm. Water flow velocity was estimated
from the following formulae: V,, = 0.18D°% (Costa
1983), where: V,, — mean critical flow velocity in m s?,
D — mean size of 5 largest clasts in mm, and V,, = V,/V,,
V; = 0.065D,%°, V, = 0.46D,>° (Wiliams 1983), where:
V,, — mean flow velocity in m s?, V; and V, — critical flow
rates in m s, Dys — 95™ percentile of the sediment’s grain
size distribution.

Table 1. Lithofacies code used in the study after Miall (1977) with
modifications by Zielirski i Pisarska-Jamrozy (2012)

Tabela 1. Zastosowany kod litofacjalny wedtug Mialla (1977) w mody-
fikacji Zielinskiego i Pisarskiej-Jamrozy (2012)

Code Texture Structure
Gm, GSm gravel, sandy gravel massive
SGm, Sm gravelly sand, sand massive
Gt, GSt, SGt gravel, sandy gravel, troug.h.cro.ss-

gravelly sand -stratification
Sx sand cross-stratification
Gh, GSh gravel, sandy gravel |horizontal stratification
SGh, Sh gravelly sand, sand |horizontal stratification
Sr sand ripple cross-lamination
Gd, Sd gravel, sand deformed
SFd, Fsd, Fd sand and fines, sandy deformed
fines, fines

Dd diamicton deformed
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Fig. 1. Study area: A —study area at the background of the extent of glaciations: LGM — Late Glacial Maximum, WGM — maximum extent of the Late
Saalian (Wartanian) glaciation; B — geological structure of the study area (Wrotek 1998); 1 — peats, 2 — sands, gravels and mud of valleys and flood
plains, 3 — fluvial sands and gravels of high terraces, 4 — aeolian sands, 5 — aeolian sands in dunes, 6 — eluvial sands, 7 — glaciolacustrine sands, silts,
clays and tills, 8 — fluvioglacial sands, gravels and tills, 9 — fluvioglacial sands and gravels, 10 — fluvioglacial sands and gravels on till, 11 — sands,
gravels, boulders and glacial till of dead-ice moraines, 12 — esker sands and gravels, 13 — sands, gravels, boulders and tills of terminal moraines,
14 — glacial tills; C — terrain map of the study area; D — geological profiles in the transverse profile through esker ridges (based on data from The

Central Geological Database of Polish Geological Institute) — visible cut of the subglacial tunnel sediments into the diamicton sediments; E — sketch
of the outcrop with marked lithofacies profiles and photographs presented in the article

Ryc. 1. Obszar badan: A — obszar badan na tle zasiegdw zlodowacen: LGM — zlodowacenie wisty, WGM — zlodowacenie warty; B — budowa geolo-
giczna obszaru badan (Wrotek 1998); 1 — torfy, 2 — piaski, zwiry i namuty den dolinnych, 3 — piaski i zwiry rzeczne teras nadzalewowych, 4 — piaski
eoliczne, 5 — piaski eoliczne w wydmach, 6 — piaski eluwialne, 7 — piaski, muty, ity i gliny wytopiskowe, 8 — piaski, zwiry i gliny wodnolodowcowe,
9 — piaski i zwiry wodnolodowcowe, 10 — piaski i zwiry wodnolodowcowe na glinie, 11 — piaski, zwiry, gtazy i gliny zwatowe moren martwego lodu,
12 — piaski i zwiry ozéw, 13 — piaski, zwiry, gtazy i gliny moren czotowych, 14 — gliny lodowcowe; C — uksztattowanie terenu obszaru badan; D — pro-
file geologiczne w profilu poprzecznym przez waty ozowe (na podstawie danych z Centralnej Bazy Danych Geologicznych Paristwowego Instytutu

Geologicznego) — widoczne wciecie osaddw rynny subglacjalnej w osady diamiktonowe; E — szkic odstoniecia z zaznaczonymi profilami litofacjalnymi
oraz fotografiami zaprezentowanymi w artykule

0 04 0,6km = 140 m.a.s.l.
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4. Results
4.1. The esker core deposits (Unit TS1)

Unit TS1 forms the lower part of the lithofacies profile
revealed in the outcrop. It is mainly made of gravelly
lithofacies of horizontally and planar cross-stratified
gravels, sandy gravels and massive matrix- to clast-
-supported gravels (Fig. 2A-C, Fig. 3A-E).

Large scale planar cross-stratified gravels and sandy
gravels — Thickness of the Gp and GSp lithofacies in
the outcrop exceeds 3 m. A clear vertical variability of
grading is noticeable (Fig. 2B). Gravels are mostly matrix-
-supported and poorly sorted (Fig. 2C). In some places
the sorting is better, and the gravels are clast-supported.
There are some lenses of openwork gravels with normal
and reverse grading. The MPS fluctuates from approx.
10 to 27 cm. The sediments contain some boulders,
whose diameters exceed 30 cm (Fig. 2B). In the upper part
of the unit, the content of sand increases and the GSp and
SGp lithofacies are present. Elongated clasts are oriented
towards NNW=SSE, i.e. in accordance with the direction
of the stratifications.

e A sr
SGt
% Gm
SGh
MPS: 8
GSh
MPS: 8,3 SGh
MPS: 13,5
A (19 MPS: 27,1
openwork =
Gp
MPS: 14,8
»n _N=25
e V= 145401203
$,=0,620
’ 5,=0053
MPS: 9,7 GSp
MPS: 12,4 Gp
openwork

Massive matrix- to clast-supported gravels — Sedi-
ments of Gm and GSm lithofacies are revealed at places
in the deepest part of the outcrop along a section of
approximately 10 metres. Diverse sediments are visible
from matrix-supported gravels (with clasts of up to 30 cm
in diameter) to clast-supported gravels (with diameters
not exceeding 10 cm). Thickness of the sediments is more
than 3 m (Fig. 3AB).

Horizontally stratified gravels and sandy gravels
— Thickness of the Gh and GSh lithofacies visible in the
outcrop reaches approx. 4 m. It shows extremely variable
sorting of sediments (Fig. 3D). Gravels are matrix-sup-
ported to clast-supported. The content of sandy fraction is
5-32%. There are lenses and interbeddings of openwork
gravels. Grading is polymodal and bimodal. In finer
gravels, there are numerous boulders (Fig. 3E). Diameters
of the largest documented boulders reach 34 cm, whereas
the MPS is 27.2 cm. Clast orientation displays a NE-SW
direction. Vertical continuity of sediments in the central
part of the outcrop is broken by discordance between
them and sediments of unit TS2 (described below)
(Fig. 3F). Sediments in the contact zone with unit TS2
reveal an inclination (up to 20°) towards the west.

maximum diameter of the largest clast in mm 5)

/ normal fault /A~ continous deformation Av normal and reverse grading MPS =50 maximum particle size in cm

boulder oriented parallel to the paleocurrent direction O rip-up clasts

Fig. 2. Sediments of units TS1 and TS2: A — lithofacies profile of sediments, rose diagram of clast fabric in Gp, B — planar cross-
-stratified gravels with single boulders and sandy gravels, C — matrix-supported planar cross-stratified gravels; the legend applies to

all the following profiles

Ryc. 2. Osady jednostek TS1 i TS2: A — profil litofacjalny osaddw, réza wiatréw orientacji klastéw w Gp, B — przekatnie ptasko war-
stwowane zwiry z pojedynczymi gtazami i zwiry piaszczyste, C — przekatnie ptasko warstwowane zwiry z rozproszonym szkieletem

ziarnowym; legenda dla wszystkich zamieszczonych profili
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Fig. 3. Sediments of units TS1 and TS2: A — massive matrix-supported gravels, B — massive clast-supported gravels, C — lithofacies profile of sediments
of unit TS1, rose diagram od clast fabric in Gh, D —inclined strata of horizontally stratified gravels, E — clast-supported horizontally stratified gravels,
F — contact of deformed sediments of unit TS2 with sediments of horizontally stratified gravels of unit TS1

Ryc. 3. Osady jednostek TS1 i TS2: A — piaszczyste zwiry o masywnej strukturze, B — masywne zwiry, C — profil litofacjalny osadéw jednostki TS1, réza
wiatrow orientacji klastéw w Gh, D — pochylone warstwy horyzontalnie warstwowanych zwiréw, E — zwiry warstwowane horyzontalnie ze zwartym
szkieletem ziarnowym, F — kontakt zaburzonych osaddw jednostki TS2 z osadami warstwowanych horyzontalnie zwirdw jednostki TS1

4.2. The core mantling deposits (Unit TS2)

Unit TS2 is characterised by the occurrence of a greater
variety of sediments and the presence of deformations. Its
bottom is irregular and in the central part of the outcrop,
there is discordance between the sediments of unit TS2
and TS1.

Horizontally stratified sands and gravels and cross-
-stratified sands — Directly above the sediments of unit
TS1 are sands and sandy gravels: SGh, GSh, Sx, Sd (Fig. 2A,
Fig. 3F). In the western part of the form, sediments of
this series are characterised by finer grading than in the
eastern part (mainly Sx and Sd) and a significant number
of faults (Fig. 3F). The sands are well sorted. Sediments
were displaced vertically by approx. 4 m there. A deform-
ation zone covers sediments with partially deformed
and partially original structure developed. Due to the
deformations, it is difficult to determine the thickness

of sediments, which exceeds 2 m in the outcrop. In the
eastern part of the outcrop, above unit TS1, there are
cross and horizontally stratified sands and sands with
gravel SGh, Sx, and gravels with sand GSh (Fig. 2A, Fig. 4A).
Sx sediments are inclined to the east at an angle of 10-30°.
Their thickness is 1-1.5 m. The thickness of SGh and GSh
sediments is variable and reaches 2 m. In some places,
they are covered with massive gravels.

Trough cross-stratified gravels and sandy gravels
— The higher medium and large scale lithofacies Gt, GSt,
SGt, whose thickness reaches 2 m, were also vertically
displaced (Fig. 3F). They are characterised by high diversity
as regards sediment sorting. The sediments are matrix-
-supported to clast-supported (Fig. 4B). In some places,
openwork gravels are present. Grain-size distribution is
polymodal or bimodal. Normal fractional grading occurs.
Clast diameters in this series exceed 25 cm. Normal faults
with throw values of >1 m are present.
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Massive matrix to clast-supported gravels — Above
the Gt and SGt lithofacies, alternating strata of gravels
and sands with silts occur, in which there are strong
disturbances (Fig. 4A-C, Fig. 5D—H). The minimum thick-
ness of the lowest stratum of gravels is 1.5 m. They are
massive matrix to clast-supported gravels GSm, Gm
(Fig. 5EF). They are characterised by poor or very poor
sorting and MPS of 15-18 cm. Grain size distribution
is polymodal. The content of fraction finer than sand
is 1-3%. In these sediments, openwork gravels were
identified as well as individual rip-up clasts (Fig. 5D).
Clasts are oriented towards the W—E direction. In some
places, they include Gp and Gh lithofacies with thickness
of up to 20 cm (Fig. 4A). Normal and reverse faults occur
in sediments. Locally the strata were deflected, and their
continuity was not broken (Fig. 4B).

Sands and sandy silts — Gravelly sediments are
separated with lithofacies of ripple, massive or deformed
sands and silts: Sr, Sm, SFd, FSd (Fig. 4BD, Fig. 5GH). Fine
and very fine, poorly sorted sands prevail. They occur

Sr (FSm)

Gh

Gp

Gm (Gd)

MPS: 17,2

openwork

in two sets, separated with sediments of horizontally
stratified gravels. Owing to the exploitation, the upper
set is revealed only fragmentarily. The thickness of the
Sr lithofacies reaches 70 cm, whereas that of Sm — up
to 2 m. There are zones of deformed and non-deformed
sediments in them. In the deformed zones are numerous
faults and the sediments were dislocated to the height of
1.5 m (Fig. 4B). In the marginal part of the deformation
zones, there are major faults (oppositely directed, normal
and reverse). The faults form horst and graben structures
(Fig. 4C).

Horizontally stratified gravels — The first set of ripple
cross-laminated sands is covered with horizontally
stratified gravels Gh. Their thickness reaches approx. 1 m
(Fig. 4AB). They are characterised by poor sorting and
polymodal grain size distribution. They are revealed only
fragmentarily.

The averages of mean grain diameter, sorting and
skewness of analysed lithofacies show wide variety of that
parameters. Fig. 6 shows the diversity of sediment grading.

Fig. 4. Sediments of unit TS2 and TS3: A — lithofacies profile of sediments TS2, B — fragment of the upper part of unit TS2, C — deformed gravels,
D — lithofacies of ripple cross-laminated sands and massive or deformed silts, E — contact between deformed sands and deformed diamicton (TS3),

F — contact between massive sands and diamicton (TS3)

Ryc. 4. Osady jednostki TS2 i TS3: A — profil litofacjalny osadéw TS2, B — fragment gérnej czesci jednostki TS2, C — zdeformowane zwiry, D — litofacje
przekatnie riplemarkowo laminowanych piaskéw oraz masywnych i zdeformowanych mutkéw, E — kontakt pomiedzy zdeformowanymi piaskami
i zdeformowanym diamiktonem (TS3), F — kontakt pomiedzy masywnymi piaskami i diamiktonem (TS3)
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Fig. 5. Sediments of units TS1 and TS2: A — lithofacies profile of sediments of units TS1 and TS2, wind rose indicates orientation of cross stra-
tification sediments, diagram of fault orientation, B — trough cross-stratified sands with gravel and gravels, locally clast-supported, C — cross-
-stratified sands and trough stratified gravels, D — rip-up clast in massive gravels, E — lithofacies profile of sediments of unit TS2, F — matrix-
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Ryc. 5. Osady jednostek TS1 i TS2: A — profil litofacjalny osadéw jednostek TS1 i TS2, réza wiatréw pokazuje orientacje osadéw przekatnego
warstwowania, diagram orientacji uskokéw, B — przekatnie rynnowo warstwowane piaski ze zwirem i zwiry z lokalnie zwartym szkieletem
ziarnowym, C — przekgtnie warstwowane piaski oraz zwiry warstwowane rynnowo, D — intraklasty w masywnych zwirach, E — profil litofacjalny
osaddéw jednostki TS2, F — zwiry masywne z rozproszonym szkieletem ziarnowym, G — porozrywana i poprzecinana uskokami warstwa mutkdw
i piaskéw z mutkami, H — masywne i horyzontalnie warstwowane piaski
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4.3. Diamicton cover (Unit TS3)

In the western part of the mine, a 1.5-metre-thick dia-
micton Dd is exposed. Its horizontal range reaches 4 m. It
is characterised by brown and grey colour with streaking
(Fig. 4E). It covers deformed sands and sands with gravel.
Its bottom is undulated and deformed. The lower part of
the diamicton is characterised by pseudo-stratification

and fluidal structures corresponding to the boundary
with sands (Fig. 4E). The diamicton is clayey with a gra-
vely fraction. In the eastern part of the outcrop, a stratum
of massive, sandy diamicton overlays the sediments of
massive sands, deformed at places. Its thickness reaches
2 m (Fig. 4F). In the lower part of the sediements vague
stratification is visible. There are also interbeddings of
massive sand (Fig. 4F).
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Fig. 6. Textural characteristics of sediments of the Tosie esker: A — ratio of sediment sorting to the mean grain diameter, B — ratio of skewness to mean

grain diameter, C — ratio of skewness to sorting

Ryc. 6. Cechy teksturalne osadéw ozu w Tosi: A — stosunek wysortowania osadéw do $redniej Srednicy ziaren, B — stosunek skosnosci do sredniej

$rednicy ziaren, C — stosunek skosnosci do wysortowania

5. Discussion
5.1 Interpretation of sediments

5.1.1. Interpretation of the esker core deposits (Unit TS1)

Accumulation of sediments of unit TS1 took place in
a N-type subglacial channel (Nye 1976), which had
been preceded with subglacial water erosion. This is
indicated by clear rooting of the form in relation to the
neighbouring plateau (Fig. 1D). GSm and Gm sediments
are similar to the lithofacies described by Brennand
(1994) as heterogeneous gravels, interpreted as an effect
of accumulation under hydrostatic pressure in an enclosed
glacial tunnel. They appear in composite macroforms
and pseudoanticlinal macroforms documented in esker
cores (Brenannd 1994; Brennand and Shaw 1996).
Gh and GSh lithofacies were accumulated in the
conditions of upper plane bed from a traction carpet
and formed gravel sheets. They also might have created
macroforms typical of subglacial channels (Brennand,
Shaw 1996). The water flow rate exceeded 4 m s* and
the shear stress was 140 Pa. Large scale Gp and GSp
sediments with varied sorting are interpreted as a record
of progradation of gravelly bars in deep channels with
high-energy flow (Baker 1978; Carling 1996). Brennand
(1994) and Brennand and Shaw (1996) interpret such
sediments in the subglacial environments as a record of
composite macroforms originating through progradation
of their front towards the broadening of the subglacial
tunnel. Accumulation of these sediments took place when

the channel was completely filled with water (Brennand
1994). Variable grading and sorting of sediments in vertical
profile indicate temporary changes of the conditions of
transport and sedimentation. Poor sorting of sediments
provides evidence for rapid aggradation (Smith 1986).
The presence of reverse and normal grading is a record of
increases and reductions of flow competence during high
levels of ablation water (Maizels 1997; Russell and Knu-
dsen 2002). Flow rates ranged from 2 to more than4 m s!
and shear stress ranged in the interval of 60-140 Pa.
These values are typical measured characteristics of the
esker core (Frydrych 2020). Sediments of unit TS1 were
formed during high-energy flows with rich material supply,
which is indicated by high thickness and coarseness of the
sediments (Russell et al. 2001).

5.1.2. Interpretation of the core mantling deposits (Unit TS2)

The beginning of sedimentation of unit TS2 is related to
a decrease of energy and accumulation of sediments in
the conditions of flat upper bed and migration of channel
forms (lithofacies: SGh, GSh and Sx). Reduced flow
energy was probably related to changed conditions in the
channel and free water flow under atmospheric pressure.
The majority of sediments of unit TS2 lack any signs of
accumulation under hydrostatic pressure (Brennand
1994; Fard and Gruszka 2007). Lithofacies Gt, SGt and SGt
were formed as a result of migration of three-dimensional
megaripples in channels of 2-10 m in depth.
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During the formation of the upper part of unit TS2,
sudden increases in flow energy and accumulation of
Gm and Gh lithofacies alternated with flow competence
reductions and low energy flows responsible for the
formation of the Sr lithofacies. Interbedding of the Sr
lithofacies in esker sediments is interpreted as a result of
the presence of pulsations in glacial water flow (Huddart
et al. 1999; Fard 2002) or blockages in water at certain
sections (Ashmore 1991). Periodically, stagnant-water
bodies were formed, in which silts were accumulated.
During more violent flows, older sediments were eroded,
and rip-up clasts got incorporated into the gravels. Their
presence, as well as the massive structure and poor
sorting of the Gm lithofacies may provide evidence for
accumulation from hyperconcentrated flow (Smith 1986;
Maizels 1997; Pisarska-Jamrozy and Zielinski 2012). Flow
rate values were estimated at 2—3 ms™ and critical shear
stress at approx. 80 Pa. Rhythmical occurrence of gravels
and sands in eskers is interpreted as seasonal variability of
accumulation conditions related with ice-sheet ablation
(Banerjee and McDonald 1975; Ringrose 1982) or episodic
floods (Shaw 1972; Nye 1976).

Strong deformations in the form of faults and vertical
dislocation of sediments to the elevation of more than
8 m are most probably the record of melting buried dead-
-ice masses in esker sediments. Ice masses were buried
during accumulation of unit TS1, which is indicated by
the nearly vertical contact between its sediments and the
overlying unit TS2 at some locations (Fig. 3F). After losing
the support, sediments were displaced downwards and
formed the graben-like structure. Such deformations in
esker sediments caused by buried dead ice masses have
also been identified in other studies (Brennand and Shaw
1996; Gruszka and Van Loon 2011).

5.1.3. Interpretation of the diamicton cover (Unit TS3)

During the retreat of ice walls, sediment flows
occurred and part of the slopes were covered with
flow diamicton. The presence of fluidal structures
and deformations within the diamicton provides evid-
ence for flow, as does its very irregular bottom,
corresponding to the slopes of the form (Bennett and
Glasser 2009). Its weight resulted in the appearance of
deformations in the underlying — most probably water-
-saturated — sands. A part of the form was in turn covered
with a thick diamicton cover in the form of melt-out
till. Such an interpretation is supported by thickness of
the sediment, location in the marginal part of the form,
massive structure and occurrence of stratification in the
lower part of the diamicton (Evans et al. 2006; Bennett
and Glasser 2009).

5.2. The depositional model of the Tosie esker
The esker in Tosie originated in an N-type subglacial

channel (Nye 1973), whose depth reaches 20 m. Its form-
ation had been preceded by cutting a channel in glacial

sediments, as a result of erosional activity of glacial

meltwater (Fig. 7A).

At the first stage of formation, accumulation took
place in a closed subglacial tunnel, completely filled with
water (Fig. 7B). Deposition took place in the conditions
of upper plane bed and as an effect of migration of
composite macroforms (Brennand 1994; Brennand and
Shaw 1996). Coarse sediments typical of esker cores were
accumulated (Saunderson 1975; Gorrel and Shaw 1991;
Fard and Gruszka 2007; Ahokangas and Mé&kinen 2014).
The flows were high in energy. Periodic subglacial floods
occured, during which the flow rate might have exceeded
4 m s, At this stage of the functioning of the channel, the
ice roof fell or collapsed of at a certain section. It might
have been caused by rapid melting of the ice-sheet and
its strong fracturing, or by broadening of the tunnel as
a result of high energy of the water flow (Lundqvist 1997;
Fard 2002). As regards the place and time of the fall, two
scenarios can be distinguished:

(1) The fall occurred at the location of the contemporary
outcrop, and the blocks were set and buried at the
location of the fall.

(2) The fall took place in the upper part of the tunnel,
and the ice-blocks were transported by glacial water
and deposited downflow from the location of the
fall (where the contemporary outcrop is found). The
second scenario is favoured by the sedimentational
continuity of deposits in which the ice-blocks were
buried. During accumulation and burying of the
ice-blocks, the flow conditions were still typical
of subglacial channels. Thus, there is no evidence
for simultaneous opening of the tunnel with the
accumulation of ice-blocks. Besides, no deformations
were identified which might be linked to the fall itself,
which can have a strong effect on esker sediments
(Gruszka and Van Loon 2011; Frydrych 2020).

Soon after burying the ice-blocks, there was a sudden
drop in the water flow energy and accumulation of much
finer sediments began. This sudden change may be related
to the formation of a crevasse in the roof of the channel
and transition from hydrostatic flow to atmospheric one
(Frydrych 2020). Further accumulation took place in
a narrow ice-walled channel as a result of migration of
bedforms (Fig. 7C).

Continuing ice-sheet decay resulted in broadening
of the channel. The flow conditions, which constitute
a record of the changing rate of ice-sheet ablation, were
very variable (Banerjee and McDonald 1975; Ringrose
1982). High water levels alternated with periods of low
energy flow. The occurrence of floods is indicated by the
presence of massive gravelly lithofacies with poor sorting
and rip-up clasts (Maizels 1989; Russell and Knudsen
1999; Russell et al. 2001). It is probable that the flow
was hyperconcentrated (Nemec and Steel 1984; Maizels
1997). They were separated by periods of slow water flow
and short-term glacilacustrine accumulation (Fig. 7D).

During the melt-out of ice walls, releases of ablation
material and partial covering of the esker slopes with flow
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till occurred. After sediment deposition ceased, gradual
melt-out of ice blocks buried in the sediments of the
esker core began. Concluding from the sediment profile
at locations where no deformations were identified, the
ice-blocks were covered with sediments at least 8 m
thick. Melt-out of the blocks resulted in dislocation of
the sediments and origination of numerous deformations
with the character of dead-ice structures (Van Loon 2009)
(Fig. 7E).

The model of esker sedimentation indicates its com-
plex genesis and origination in different sedimentation
sub-environments. The esker is built of sediments of
subglacial channel facies and facies of open crevasse.
Many eskers in Poland reveal a similar sequence of
sedimentation units (Michalska 1969; Wysota 1990;
Buraczynski and Superson 1992; Jaksa and Rdzany 2002;
Fard and Gruszka 2007; Roman 2016; Frydrych 2016,
2020). Such a development of sediment profiles is much
less frequently found in the structure of eskers in the
Fennoscandian Peninsula or Canada, where the majority
of eskers were formed in R-channels (Brennand 2000;
Storrar 2014; Lewington et al. 2020a, 2020b).

Structural and textural characteristics of sediments
which are typical of the subglacial environment have been
broadly discussed in the literature (Gorrell and Shaw 1991;
Brennand 1994; Brennand and Shaw 1996; Shulmeister
1989; Delaney 2001; Fard and Gruszka 2007; Ahokangas
and Makinen 2014). The sediments were documented
in the majority of eskers and include massive clast-
-supported gravels with openwork texture or bimodality,
sliding-bed facies, heterogeneous gravels, planar-cross
stratified gravels and boulders in composite macroforms
and pseudoanticlinal macroforms (Saunderson 1977;
Wysota 1990; Buraczynski and Superson 1992; Gorrell

and Shaw 1991; Brennand 1994, Brennand and Shaw
1996; Fard and Gruszka 2007; Ahokangas and Makinen
2014; Roman 2016; Frydrych 2020). The most frequent
forms of eskers located in the territory of Canada include
the following: (1) long esker ridges built of sediments
accumulated in subglacial conditions in R-channels
(Brennand 1994; Brennand 2000; Storrar 2014; Lewington
et al. 2020a, 2020b; Sharpe et al. 2021), (2) short eskers
or esker beds interpreted as the record of time-trans-
gressive eskers with characteristics of subaqueous or
subaerial fans (Banerjee and McDonald 1975; Cheel and
Rust 1982, 1986; Henderson 1988; Gorrell and Shaw
1991; Brennand 1994; Lewington et al. 2020a, 2020b;
Livingstone et al. 2020), (3) eskers with lateral splay (Lew-
ington et al. 2020a, 2020b). Long esker ridges formed in
R-channels are usually built of sediments of the subglacial
facies. Sediments interpreted as accumulated under
atmospheric pressure are mostly linked to deposition in
H-channels (Hooke 1984; Brennand 1994, 2000) or open
channels near ice margin where e.g. sliding-bed facies are
formed (Saunderson 1977; Ringrose 1982; Gorrell and
Shaw 1991; Brennand 2000). Brennand (1994) reports
that there are eskers which form kame-esker complexes,
although such forms should be treated as exceptions
rather than the rule of esker dewelopment in R-channels
(Brennand 2000; Lewington et al. 2020a, 2020b; Living-
stone et al. 2020; Sharpe 2021). An opposite situation
occurs in the territory of Poland, especially within the
extent of the Saalian Glaciation, where eskers built
exclusively of the subglacial facies or ones which form
fans occur less frequently (Frydrych 2020). This indicates
a different model of esker formation not only at the initial
stage of origination of the subglacial channel but also at
the final stage of form accumulation.

Fig. 7. Stages of formation of the Tosie esker: A—erosion of a subglacial channel, B—accumulation in the channel under hydrostatic pressure,
C —fall from the channel roof and burying of dead ice blocks, accumulation in the expanded channel under atmospheric pressure, D — accu-
mulation in a narrow ice-walled channel, E — melting of dead ice blocks and formation of "dead-ice structures"

Ryc. 7. Etapy ksztattowania ozu w Tosiach: A — erozja rynny subglacjalnej, B — akumulacja w kanale pod ci$nieniem hydrostatycznym,
C — obryw stropu kanatu i pogrzebanie bryt martwego lodu, akumulacja w powiekszonym kanale pod cisnieniem atmosferycznym, D — aku-
mulacja w rozpadlinie lodowej, E — wytapianie bryt martwego lodu i powstanie dead-ice structures
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6. Conclusions

The analysed esker in Tosie is an example of an N-channel
form on non-consolidated substratum. It consists of three
sedimentation units:

(1) The esker core deposits, dominated by coarse-grained
sediments of massive and horizontally and cross-
-stratified gravels.

(2) The core mantling deposits — the unit which consists of
alternating strata of coarse and fine sediments, which
constitute a record of changing ice-sheet ablation. It is
dominated by massive and stratified gravels, separated
by sandy and silty deposits with massive structure,
horizontal or ripple lamination.

(3) The diamicton cover, occurring at places, in the form of
melt-out till and flow till.

The formation of esker in Tosie took place in several
stages: (1) formation of a subglacial tunnel as a result
of subglacial water erosion, (2) accumulation of coarse
sediments in the conditions of high-energy flows under
hydrostatic pressure, (3) collapse of tunnel roof and
burial of ice blocks, (4) accumulation of sediments
under atmospheric pressure in an ice-walled channel,
(5) melting of buried dead-ice blocks and formation of
dead-ice structures.

Significant changes in the mode of sediment transport
and deposition indicate high dynamics of the esker
sedimentation environment. The complex cycle of esker
formation, initially in a subglacial channel and later in
an open crevasse, is typical of forms in the area of the
Saalian Glaciation in Poland. This way of esker formation
occurs much more frequently in N-channel forms than
R-channel ones. This indicates a much greater difference
in the origination of these forms both at the initial and
the final stage of their accumulation.
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XXV KonferencjalNaukowa STRATYGRAFIA PLEJSTOCENU POLSKI
»Plejstocen Gor Swietokrzyskich”, 3-7 wrzesnia 2018, Huta Szklana

Na poczatku wrzesnia 2018 r., w Hotelu ,Jodtowy Dwor”
potozonym w Hucie Szklanej, odbyta sie XXV Konferencja
Naukowa, ,Stratygrafia Plejstocenu Polski”. Uczestnicy
obecnego sympozjum zapoznali sie z wynikami badan nad
plejstocenem w Gérach Swietokrzyskich.

Konferencje honorowym patronatem objat JM Rektor
Uniwersytetu Jana Kochanowskiego w Kielcach prof. dr
hab. Jacek Semaniak.

Komitet Honorowy Konferencji stanowili: prof. dr hab.
Leszek Marks (Przewodniczagcy Komitetu Badan Czwar-
torzedu PAN), prof. dr hab. Elzbieta Mycielska-Dowgiatto
(Rektor Szkoty Wyzszej Przymierza Rodzin w Warszawie),
prof. dr hab. Leszek Lindner (Wydziat Geologii Uniwersyte-
tu Warszawskiego), prof. dr hab. Stawomir Zurek (Instytut
Geografii UIK w Kielcach), prof. dr hab. Leszek Starkel (In-
stytut Geografii i Przestrzennego Zagospodarowania PAN
w Krakowie), dr Bolestaw Kowalski (Instytut Geografii UJK
w Kielcach), dr hab. inz. Barbara Gawdzik (Dziekan Wydzia-
tu Matematyczno-Przyrodniczego UJK w Kielcach), prof. dr
hab. inz. Marek Iwanski (Dziekan Wydziatu Budownictwa
i Architektury PSk w Kielcach), dr hab. Tadeusz Ciupa,
prof. UJK (Dyrektor Instytutu Geografii UIK w Kielcach),
dr hab. Maria Gérska-Zabielska, prof. UJK (Kierownik Za-
ktadu Geoturystyki i Geologii Srodowiskowej Instytutu
Geografii UIK w Kielcach).

W sktad Komitetu Organizacyjnego wchodzili: dr Mat-
gorzata Ludwikowska-Kedzia (przewodniczgca), dr Matgo-
rzata Wiatrak, dr Sylwester Salwa, dr hab. Wiestaw Trela,
dr hab. inz. Jan Urban, dr Grzegorz Watek, mgr inz. lwona
Wolinska oraz Agnieszka Pietak, Agata Morozewicz, Alek-
sandra Mormel, Mateusz Karbownik i Marta Nowacka
(studenci Instytutu Geografii UJK i Wydziatu Budownictwa
i Architektury PSk).

Organizatorami Konferencji byli: Instytut Geografii
UJK w Kielcach, Wydziat Budownictwa i Architektury PSk
w Kielcach, PIG-PIB Oddziat Swietokrzyski, Komitet Badan
Czwartorzedu PAN, Instytut Ochrony Przyrody PAN.

W Konferencji udziat wzieto 55 badaczy geologii czwar-
torzedu z Polski, Niemiec i Ukrainy, reprezentujgcych
rézne jednostki uniwersyteckie oraz badawcze (IG UAM
w Poznaniu; IG PAN w Toruniu; WNG Ut; WOIG UG;
WSIiZ w Rzeszowie; WNoZiKS UWr; LBGR Brandenburg;
SafENP&G M-WP Gistrow; PIG-PIB w Warszawie; IG UJK
w Kielcach; IGP UW; IF CN-D PSI; ING PAN w Warszawie;

WNoZiGP UMCS; IGiSr AP w Stupsku; PSW; IG UP w Krako-
wie; WNoZ US; 10 UG) — Fot. 1-4.

Podczas dwoch pierwszych dni Konferencji wygtoszo-
no: 5 referatéw wprowadzajgcych w zagadnienia geologii
czwartorzedu Gor Swietokrzyskich, jak i dotyczacych geo-
logii skat podtoza mezozoicznego oraz paleozoicznego;
4 prezentacje dotyczace metodyki badan osadéw czwar-
torzedowych; 18 referatéw i 10 komunikatow dotyczgcych
réznych zagadnien czwartorzedowych z Polski. Zaprezento-
wano tez 11 tematéw w formie prezentacji posterowych.

Wystgpienia referatowe, komunikaty i postery doty-
czyty: osadéw plejstocenskich w zachodniej czesci Gor
Swietokrzyskich; wptywu rzezby strukturalnej Gor Swie-
tokrzyskich na przebieg proceséw morfogenetycznych
w plejstocenie i ich zapis w cechach sedymentologicz-
nych osaddéw; zapisu plejstocenu w krasie Swietokrzyskim;
rozwoju sedymentacji permsko-mezozoicznej w Gérach
Swietokrzyskich na tle obszaréw przylegtych; zapisu se-
dymentacyjnego i strukturalnego paleozoiku w Goérach
Swietokrzyskich; zastosowania analizatora czastek Mor-
phologi G3SE do badan wielkosci i ksztattu osadéw drob-
noziarnistych; skaningowej mikroskopii elektronowej SEM
jako narzedzia w badaniach srodowiskowych; datowan
radioweglowych w badaniach plejstocenu i holocenu Pol-
ski; znaczenia stanowisk stratotypowych w stratygrafii
czwartorzedu Polski; zapisu zmian klimatycznych i sro-
dowiskowych w interpleniglacjale w Polsce Potudnio-
wej i Srodkowej; chronostratygrafii péznego Vistulianu
w Polsce Srodkowej i probie korelacji z etapami deglacjaciji
ladolodu vistulianskiego; zmianach srodowiska przyrodni-
czego na przetomie EEM/Vistulian i we wczesnym Vistu-
lianie na podstawie badan z regionu tédzkiego; genezy
i wieku osaddéw vistuliariskich w stanowisku Jaroszéw na
Przedgdrzu Sudeckim; budowy i genezy stozkéw napty-
wowych na obszarze Gdanska i Sopotu; ewolucji suchych
dolin w okresie MIS6-MIS1 na obszarze Wzgdrz Sokdlskich;
nowego spojrzenia na rozwoj i maksymalny zasieg wod za-
stoiska warszawskiego; rynien subglacjalnych w osadach
i podtozu plejstocenu oraz ich ekspresji we wspotczesnej
rzezbie na przyktadach z obszaru staroglacjalnego; ztozo-
nosci genezy ozéw na przyktadzie wybranych form z Polski
Srodkowej; lesséw Dolnego Slgska; sekwencji lessowo-gle-
bowej w Zaprezynie i jej wtasciwosci litologicznych; wstep-
nej interpretacji paleopedologicznej interglacjalnych gleb
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kopalnych na wybranych stanowiskach w SE czesci Wyzyny
Kielecko-Sandomierskiej; charakterystyki geochemicznej
sekwencji lessowo-glebowej w Ztotej koto Sandomierza;
stanowisk osaddéw interglacjalnych we wschodniej czesci
Kotliny Sandomierskiej; stanowiska interglacjatu ferdy-
nandowskiego w Bukowinie i nowego spojrzenia straty-
graficznego na ten interglacjat; plejstocenskich struktur
peryglacjalnych w Mostach koto Checin; pordéwnania
cech litologicznych struktur gestosciowych powstajgcych
w warstwie czynnej oraz indukowanych przejsciem fali
sejsmicznej; deformacji neogenu w rejonie Dobrzynia nad
Wistg i problemoéw glacitektoniki krawedziowej w Kotli-
nie Ptockiej; stopnia wyksztatcenia graniakdw w zasiegu
fazy pomorskiej zlodowacenia Wisty na przyktadzie sta-
nowiska Popowka w Borach Tucholskich; analizy podziatu
ostatniego miliona lat zapisanego w krzywej izotopowe;j
tlenu LRO4; uwarunkowan urzezbienia form skalnych w re-
zerwacie Skatki Piekto pod Niektaniem z punktu widzenia
paleopedologii; praktycznych aspektow datowania lumi-
nescencyjnego osadow czwartorzedowych; zastosowanie
tomografii elektrooporowej w kartografii geologicznej na
przyktadzie z okolic Krasnika na Wyzynie Lubelskiej; mine-
ralogii i petrografii osadow gdérnego neogenu potudnio-
wej czesci Niziny Mazowieckiej; cech mineralogiczno-pe-
trograficznych zwietrzelin neogenskich w profilu otworu
wiertniczego Wotdéw PIG-1; pochodzenia i wieku osadow

Fot. 2-3. W trakcie dyskusji
i sesji posterowej
(fot. D. Wieczorek)

budujacych terase wyiszg przetomowego odcinka doliny
rzeki Lubrzanki w Gérach Swietokrzyskich; gtazéw narzu-
towych Kielecczyzny i ich potencjatu geoturystycznego;
geomorfologicznych uwarunkowarn miodszodryasowego
zapisu paleobotanicznego w regionie tddzkim; kopalni
krzemienia czekoladowego w Oronsku (woj. mazowie-
ckie) w Swietle badan geologicznych; kolorymetrycznych
zrdéznicowan sekwencji lessowo-glebowej w Zaprezynie;
sktadu chemicznego lessow w poréwnaniu metody AAS
i XRF; wskaznika kierunku ruchu ostatniego lgdolodu
skandynawskiego w obszarze centralnej i pétnocnej Polski
oraz potudniowo-wschodniej czesci dna Battyku Central-
nego; nowych projektéw kartografii geologicznej realizo-
wanych przez Panstwowy Instytut Geologiczny — PIB;
wstepnych wynikéw badan osaddéw organicznych w dnie
mezoplejstocenskiego (?) zbiornika formowanego w ro-
wie Befchatowa na podstawie badan w odkrywce Szczer-
cow; analizy przekrojow hipsometrycznych wykonanych
na podstawie danych z NMT przez Doline Czarnej w re-
jonie Rytwian w Niecce Nidzianskiej; sktadu petrograficz-
nego frakcji zwirowej glin lodowcowych w wierceniu teki
Szlacheckie na ark. Lubien (738) SMGP; Late Pleistocene
vegettional and climate changes recorded in the clastic de-
posits of the Tovtry Cave (Western Ukraine); The resource
potential of sustainable REE extraction from offshore hea-
vy mineral bearing sands of the German Baltic Sea floor.
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Kolejne trzy dni poswiecono na wycieczki terenowe

(Ryc. 1). Pierwszego dnia organizatorzy i prelengenci za-
prezentowali :

S
A-3

Ses:amrenowxa B, 6 wrzesnia: B-1 Czaplow, B-2 Napekow,
B-3 Stopiec, Jafalonna B-4 i B-5 Kadzielnia, B-6 Trzuskawica.

Sesja terenowa C, 7 wrzesnia: C-1 Swiety Krzyz, C-2 Biafe Lugi.
SN il v

sedymentacje i litostratygrafie osadéw plejstocenskich
w rejonie Huty Starej i Koszar koto Bielin (NE stoki Pas-
ma Bielinskiego — dolina gdrnej Belnianki) w warun-
kach peryglacjalnych (prowadzacy: M. Ludwikowska-
-Kedzia, M. Wiatrak, G. Watek);

informacje o gtazach narzutowych w regionie swieto-
krzyskim (prowadzaca: M. Gorska-Zabielska);
miocenskie wypetnienia lejow krasowych w kopalni
dolomitéw Winna oraz litostratygrafie osadow plejsto-

Ereﬂmwa A, 5 wrzesnia: A-1 Huta Koszary, A-2 Koszary,
w, A-4 Ujazd, A-5 Winna, A-6 Matowiec.

Fot. 4. Na sali konferencyjnej
(fot. D. Wieczorek)

censkich w rejonie Duraczowa i Mastowca k. tagowa
(prowadzacy: M. Ludwikowska-Kedzia, M. Wiatrak,
J. Urban) — Fot. 5-6.

Dodatkami w tym dniu byto:

zwiedzanie zamku Krzyztopdr w Ujezdzie (prowadzacy:
C. Jastrzebski);

mozliwosc zobaczenia stanowiska paleontologicznego
ze skamieniatymi sladami zerowania ryb dwudysznych
sprzed 400 min lat (dewon dolny); Ujazd (zwiedzanie
indywidualne).

= == —

B O Hﬁﬁf‘erencja Niaukowa
ﬁfalﬂygrifm jstocenu Polski
Plejstocen Gor Swietokrzyskich”

1 ta Szklana, 3-7 wgésnia 2018 r.

Ryc. 1. Stanowiska podczas sesji terenowych (oprac. L. Wachecka-Kotkowska)
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Fot. 5. Dr M. Ludwikowska-Kedzia (IG UJK) oraz M. Nowacka i M. Kar- Fot. 6. W drodze na stanowisko w kopalni Winna (fot. D. Wieczorek)
bownik (studenci PSk) przygotowuja sie do ,poprawiania” $cian na
stanowisku Huta Koszary (fot. D. Wieczorek)

Drugiego dnia wycieczek terenowych zaprezentowano: cy: J. Urban, T. Woroncowa-Marcinowska, K. Ochman,
— osady glacjalne w rejonie Napekowa i ich sSrodowisko M. Zarski, K. Pawtowska, K. Rywocka-Kenig, A. Kasza,
sedymentacyjne oraz lito- i chronostratygrafie osadéw H. Hercman, A. Szrek-Burczyk);
plejstocenskich z profilu otworu Czapléw UJK-3 (pro- — stanowisko Sitkdwka (Trzuskawica) — osadniki (kopal-
wadzgca: M. Ludwikowska-Kedzia); nia taguny w Gérze Jazwica) — neogenskie i czwarto-
— lito- i chronostratygrafie osadow czwartorzedowych rzedowe wypetnienia form krasowych (prowadzgcy:
w strefie kopalnego krajobrazu krasowego w Kotlinie J. Urban, T. Woroncowa-Marcinowska, K. Pawtowska,
Stopca (prowadzgca: M. Ludwikowska-Kedzia); M. Zarski, K. Rywocka-Kenig, A. Kasza) — Fot. 7-8.
— Skatke Geologdéw i podziemng trase turystyczng na Ka- Wieczorem uczestnicy Konferencji mito spedzili czas

dzielni, jako przyktady czwartorzedowych stanowisk  przy ognisku.
paleontologicznych w formach krasowych (prowadza-

Fot. 7. Na stanowisku w Czaplowie (fot. D. Wieczorek) Fot. 8. Uczestnicy na stanowisku Kadzielnia w Kielcach
(fot. D. Wieczorek)

W ostatnim dniu wycieczek terenowych uczestni- M. Ludwikowska-Kedzia, M. Nita, M. Malkiewicz, D. Okup-
cy Konferencji zapoznali sie z uwarunkowaniami litolo- ny, R.K. Boréwka, J. Forysiak, A. Michczynski, D. Pawtowski,
giczno-strukturalnymi, klimatycznymi i érodowiskowymi S. Zurek) oraz odbyli ciekawa wycieczke po Sanktuarium
powstawania torfowisk w Kotlinie Stopca (prowadzacy: Swietego Krzyza (prowadzacy C. Jastrzebski) — Ryc. 9-10.
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Fot. 9. Na Swietym Krzyzu (fot. D. Wieczorek) Fot. 10. Widok z wiezy Sanktuarium Swietego Krzyza,
w dali Pasmo Jeleniowskie (fot. L. Wachecka-Kotkowska)

Na zakonczenie ostatniego dnia Konferencji, prof.
L. Marks podsumowat konczace sie obecne sympozjum
(Fot. 11). Wspomniat o juz wieloletniej jego tradycji, kto-
ra narodzita sie w Bochencu w 1994 roku. Ustalono, ze
Gospodarzem kolejnej konferencji stratygraficznej bedzie
Uniwersytet Wroctawski, poprzez Wydziat Nauk o Ziemi
i Ksztattowania Srodowiska.

Fot. 11. Robocze podsumowanie XXV Konferencji Naukowej
Stratygrafia Plejstocenu Polski (fot. L. Wachecka-Kotkowska)

Ryc. 2. Historia konferencji plejstoceriskich
(oprac. B. Przybylski — Oddziat Dolnoslgskiego
PIG-PIB)
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Odnowienie doktoratu Jana Stanistawa Gozdzika

w Uniwersytecie todzkim

Doktor Jan Stanistaw Gozdzik, syn Juliana i Rozalii z domu
Mydtowska, urodzit sie 3 wrzesnia 1934 r. w Tomaszowie
Mazowieckim. Nauke w szkole podstawowej rozpoczat
w czasie okupacji hitlerowskiej w 1941 r. poczawszy od
klasy drugiej, w ramach tajnego nauczania. Po wojnie kon-
tynuowat edukacje w panstwowej szkole podstawowej
do 1948r., a nastepnie —w latach 1948-1951 uczeszczat do
Liceum Ogodlnoksztatcgcego w Tomaszowie Mazowieckim.
Po zdaniu matury rozpoczat w 1951 r. studia na kierun-
ku geograficznym w Uniwersytecie todzkim. Magisterium
geografii uzyskat 28 pazdziernika 1955 r. na podstawie
pracy ,Morfologia doliny dolnej Wolbdrki”, ktérg napi-
sat pod kierunkiem prof. Jana Dylika. Pod koniec studiéw
odbyt takze szkolenie w Studium Wojskowym, po ktérym
otrzymat stopien chorgzego. 12.11.1955 r. zostat przenie-
siony do rezerwy. Powotywany nastepnie w ramach szko-
len dla rezerwistow, zakonczyt stuzbe wojskowg w stopniu
oficerskim porucznika.

Wkrétce po ukonczeniu studiéw, 1.12.1955 r. zostat za-
trudniony w Uniwersytecie todzkim, gdzie pracowat az do
przejscia na emeryture 30.09.1999 r., a wiec blisko 44 lata.
Przed doktoratem zajmowat kolejno stanowiska: laboranta
w Katedrze Geologii Instytutu Geografii (do 30.09.1956),
asystenta technicznego (od 1.10.1956 do 30.09.1963), asy-
stenta dydaktycznego (od 1.10.1963 do 30.09.1965) oraz
starszego asystenta (od 1.10.1965 do 30.09.1971). W maju
1971 r. obronit prace doktorska na temat ,,Geneza i pozy-
cja stratygraficzna struktur peryglacjalnych w srodkowe;j
Polsce”. Jej promotorem byt prof. Jan Dylik. 1.10.1971 r.
zostat awansowany na stanowisko adiunkta w Zaktadzie
Geomorfologii i Paleogeografii Czwartorzedu, a po reor-
ganizacji w 1982 r. — w Zaktadzie Geomorfologii Ut. Od
1.10.1996 r. do emerytury pracowat na stanowisku star-
szego wyktadowcy.

Efektem pracy badawczej dr. Jana S. Gozdzika jest
sto kilkadziesigt prac naukowych, posréd ktérych sg ar-
tykuty naukowe opublikowane samodzielnie i we wspoét-
autorstwie — cze$¢ z nich w najbardziej renomowanych
czasopismach zagranicznych i polskich indeksowanych
w bazach Web of Science i Scopus, monografie, rozdziaty
monografii, doniesienia i artykuty w przewodnikach zjaz-
dowych oraz recenzje i inne prace. Aktywnos$¢ naukowa
Kandydata nie zakonczyta sie wraz z przejSciem na eme-
ryture, prace naukowe powstajg nadal systematycznie.
Obecnie przygotowuje we wspotautorstwie artykut na-
ukowy na temat genezy diapirowych struktur deforma-

Fot. 1. Jan S. Gozdzik (fot. E. Papiriska, 2006)

cyjnych powstatych w duzej formie kemowej w rejonie

kopalni Betchatow oraz rozdziat w monografii popularno-

naukowej Landscapes and Landforms of Poland na temat
roli elementéw peryglacjalnych w ksztattowaniu krajobra-
zu Srodkowej Polski.

Zainteresowania badawcze dr. Jana S. Gozdzika przez
wiekszg czes¢ ponad szesciu dekad aktywnosci naukowe;j
skupiaty sie gtéwnie na zagadnieniach peryglacjalnych.
Kamieniem milowym Jego dorobku jest monografia
Geneza i pozycja stratygraficzna struktur peryglacjalnych
w srodkowej Polsce, wydana drukiem w 1973 r., zawiera-
jaca usystematyzowang wiedze na temat struktur szcze-
linowych kontrakcji termicznej i inwolucji powstatych
w warunkach peryglacjalnych na obszarach wystepo-
wania plejstocenskiej zmarzliny wieloletniej. Podstawg
tego dzieta byto staranne udokumentowanie kilku tysiecy
struktur peryglacjalnych w szeroko rozumianym regionie
tédzkim. Jest to praca o zasiegu miedzynarodowym, cyto-
wana w poczytnych artykutach i monografiach (np. French
2007, The Periglacial Environment). Kontynuacjg tego nur-
tu badawczego sg m.in. artykuty:

— Ice wedges: Growth, thaw transformation, and pa-
laeoenvironmental significance — napisany wspol-
nie z wybitnym badaczem zjawisk peryglacjalnych
D.G. Harrym (Journal of Quaternary Science, 1988,
23(1): 39-55).
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— Sand veins and wedges in cold aeolian environments
— napisany wspolnie z J.B. Murtonem i P. Worsleyem
(Quaternary Science Reviews, 2000, 19: 899-922).
Prace te i ich cytowania Swiadczg o miedzynarodowym

znaczeniu opisywanej czesci dorobku dr. Jana S. Gozdzika.
Wiele miejsca w badaniach Jubilata zajmujg procesy

i formy eoliczne. Szczegdlnie istotne osiggniecia odnoto-

wat w zakresie poznania tarczowych pokryw eolicznych

z petni vistulianu i pdznego vistulianu, a takze w studiach

przestrzennych prawidtowosci rozmieszczenia form wy-

dmowych w srodkowej czesci tzw. Europejskiego Pasa

Piaszczystego w ujeciu Kostera (1988). Badania te wykaza-

ty m.in. podobienstwo do proceséw wspétczesnie dziata-

jacych na pustyniach mrozowych Antarktydy.
Szereg prac dr. Jana S. Gozdzika, napisanych czesto

w ramach wspotpracy specjalistéw reprezentujgcych réz-

ne dziedziny nauki, rézne osrodki i kraje, dotyczy rekon-

strukcji zdarzen paleogeograficznych zaréwno z okreséw
zimnych plejstocenu, szczegdlnie vistulianu, lecz takze
okreséw cieptych — interglacjatéw ferdynandowskiego,
mazowieckiego, eemskiego i holocenskiego oraz ocieplen
mniejszej rangi, np. interstadiatéw w obrebie réznych sta-
diéw izotopowo-tlenowych. Wazne miejsce w prezento-
wanym dorobku zajmujg prace dotyczgce rozwoju sedy-
mentacji w srodowisku: rzecznym, jeziornym, stokowym,
glacjalnym oraz krasowym. Zajmowat sie takze procesami
wspotczesnymi, np. dynamikg proceséw eolicznych w re-
jonie kopalni Betchatéw oraz procesami antropogeniczny-

mi w Srodkowej Polsce.

Nalezy takze odnotowaé imponujacy wktad Jubilata

w zakresie metodologii geografii i dyscyplin pokrewnych,

udokumentowany pracami dotyczgcymi m.in.: podejscia

systemowego w geografii, zasad polskiej klasyfikacji, ter-
minologii i nomenklatury czwartorzedu, istoty krajobrazu,
réznych metod rekonstrukcji proceséw i cech kopalnych
srodowisk (np. na podstawie morfologii ziarn kwarco-
wych), a takze publikacjami prezentujagcymi problemy
zwigzane z dydaktyka uniwersyteckg. W dorobku znajdu-
jemy ponadto prace dotyczace biografii Jego Nauczycieli
i wspotpracownikow.

Jego prace ukazywaty sie w jezyku polskim, angiel-
skim, francuskim i rosyjskim. Wazniejsze publikacje, na-
wet jesli byty napisane po polsku, np. monografiaz 1973 .
w Acta Geographica Lodziensia, majg dotgczone obszerne
streszczenia w jezyku angielskim. To sprawia — oprocz ich
wartosci merytorycznej — ze cieszg sie od lat duzym zain-
teresowaniem badaczy nie tylko z Polski, ale takze z innych
krajow, co mozna stwierdzi¢ w wielu bazach naukowych.
W bazie Scopus liczba odnotowanych tam cytowan prac
Kandydata przekracza 500, zas index Hirscha wynosi obec-
nie 12.

W opiniach dawnych przetozonych Jubilata (prof. Anna
Dylikowa, prof. Zbigniew Klajnert) podkreslano, ze jest
utalentowanym pracownikiem naukowym, obdarzony
w wysokim stopniu rozwinietg umiejetnoscig dostrzega-
nia nowych problemoéw naukowych, posiadajgcym jedno-
czesnie zamitowanie do pracy dydaktycznej, wykonujgcym
swoje obowigzki z niezwyktg sumiennoscig. Prowadzone
przez Niego zajecia odznaczaty sie wysokimi wartosciami
poznawczymi oraz jasnoscig wyktadu, co moge takze jako
dawny student Jubilata potwierdzi¢. Na przyktad wyktad
z historii i metodologii geografii spetniat wazng role
w ksztatceniu samodzielnosci myslenia studentdw, a ¢wi-
czenia terenowe uczyty wnikliwego obserwowania przy-
rody nieozywionej. Bardzo dobrze wywigzywat sie z obo-
wigzkéw opieki nad pracami dyplomowymi. Ambitni stu-
denci mogli liczy¢ na wyjgtkowo wnikliwe i cenne uwagi
oraz inspirujgce dyskusje, a niektdére z powstatych prac dy-
plomowych lub ich czesci ukazaty sie drukiem. Sposrdd
dyplomantéw kilka oséb poszto drogg naukowg i obronito
pézniej doktoraty (m.in. dr Elzbieta Papifiska, dr Lucyna Wa-
checka-Kotkowska, dr Arkadiusz Jaksa, dr Marcin Krystek).

Dr Jan S. Gozdzik uczestniczyt w pracach prestizowych
miedzynarodowych i krajowych komitetéw naukowych,
warta podkreslenia jest Jego aktywnos$¢ w komitetach
Miedzynarodowej Unii Geograficznej koordynujgcych
badania peryglacjalne (Komitet Koordynacyjny Badan
Peryglacjalnych, Komisja ,Frost Action Environment”,
Miedzynarodowa Komisja Znaczenia Zjawisk Perygla-
cjalnych) oraz wieloletnie cztonkostwo Komitetu Badan

Fot. 2. J.S. Gozdzik w trakcie dyskusji konferencyjnych z K. Turkowska
(fot. E. Papiniska, 2006)

Fot. 3. J.S. Gozdzik z P. Czublg w okrywce na Stokach w todzi
(fot. O. Czubla, 2012)
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Czwartorzedu PAN. Sprawowat takze funkcje w réznych
gremiach uczelnianych, np. w Radzie Bibliotecznej w In-
stytucie Geografii, w radach programowych zajmujgcych
sie reformami studiéw geograficznych i in.

Bogata dziatalno$¢ miedzynarodowa Kandydata obej-
muje uczestnictwo w stazach, zjazdach naukowych, a takze
w postaci wspétpracy indywidualnej z wybitnymi badacza-
mi z réznych krajow. Sposréd odbytych stazy nalezy od-
notowac 7-miesieczny staz naukowy w Instytucie Geogra-
fii Fizycznej w Amsterdamie. Systematycznie brat udziat
w rozmaitych zjazdach, kongresach, konferencjach i sym-
pozjach naukowych, a niektdre z nich wspdétorganizowat.
Ze szczegOlnie waznych wydarzen tego typu nalezy wy-
mieni¢: Miedzynarodowg Konferencje Zmarzlinoznawstwa
na Syberii (1973), Sympozjum Komitetu Koordynacyjnego
Badan Peryglacjalnych Miedzynarodowej Unii Geograficz-
nej w Aberystwyth (WIk. Brytania, 1975) i w Liege (Belgia,
1976), Miedzynarodowy Kongres Geograficzny w Moskwie
(1976), Xl Miedzynarodowy Kongres INQUA w Otta-
wie (1987), XIV Miedzynarodowy Kongres INQUA w Ber-
linie (1995) oraz Sympozjum ”Periglacial environments in
relation to climatic changes”, ktére miato miejsce w Holan-
dii i Belgii (1991).

W uznaniu zastug w réznych sferach aktywnosci na-
ukowo-dydaktycznej dr Jan Gozdzik byt uhonorowany
m.in. nagrodg naukowa Il stopnia Ministra Nauki, Szkolni-
ctwa Wyzszego i Techniki, w 1972 r. za monografie Geneza
i pozycja stratygraficzna struktur peryglacjalnych w Srod-
kowej Polsce, Ztotg Odznaka Ut w 1975 r., Ztotym Krzyzem
Zastugi w 1985 r., Medalem Ut ,W Stuzbie Spoteczenstwu
i Nauce” w 1995 r. oraz kilkakrotnie nagrodami naukowy-
mi Rektora Ut — zaréwno indywidualnymi, jak i nagroda
zespotowa. Byt wyrdziniany takze nagrodami specjalnymi
i dodatkami specjalnymi za prace dydaktyczng i dydak-

Fot. 4. ).S. Gozdzik z H.M. Frenchem (Uniwersytet w Ottawie) w przerwie
badan terenowych w kopalni Betchatéw (fot. Z. Rdzany, 1986)

tyczno-organizacyjng. Réwniez Zwigzek Nauczycielstwa
Polskiego docenit jego dziatalno$¢ spoteczng przyznajac
Mu Ztotg Odznakg ZNP w 1980 r.

Opisane owoce pracy dr. Jana S. Gozdzika, powstate
w czasie Jego zatrudnienia w Uniwersytecie tddzkim,
a takze w pdiniejszych latach, w szczegdlnosci boga-
te osiggniecia naukowe, ktére znajdujg uznanie w kraju
i za granicy, staty sie podstawg uhonorowania aktem od-
nowienia doktoratu po 50 latach od jego uzyskania na
Woydziale Biologii i Nauk o Ziemi Uniwersytetu tddzkiego.
Decyzja zostata podjeta przez Senat Ut na posiedzeniu
26 kwietnia 2021 r., o czym komunikuje autor tekstu, ob-
darzony w tym przewodzie doktorskim zaszczytng funkcjg
promotora.
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