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The article presents results of luminescence examination of three profiles with
Carpathian and Pericarpathian loess, located in SE Poland. The authors review the
current state of knowledge about the profiles. Deposits from the last two glacial
cycles, the Warta and Vistula glaciations, were analysed. Samples of mineral and
soil deposits were dated. Fifty-two results of TL dating were presented. Compara-
tive dating (TL and OSL) was conducted for 9 samples. The results showed a
possible interrelation between the luminescence methods, specified by the formula
used. This formula results from the interpolation curve. With a larger number of
results, such interpolation will be possible.
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INTRODUCTION

The age of Quaternary deposits can be determined
by luminescence methods. Dated deposits must have
been exposed to solar radiation for a sufficient time
to reduce the energy stored in grains of the deposit
under examination (Fedorowicz, 2003).

Physical luminescence measurements for geolo-
gical purposes are at present based on two methods:
thermoluminescence (TL) and optically stimulated
luminescence (OSL). The former (TL) enables the
researcher to measure the energy stored in deposit
grains by heating them to the temperature of approx.
500 °C. In the latter (OSL) the energy stored in
grains is released by grain exposure to the light of
a suitable wavelength.

What differentiates the two methods is how the
so-called equivalent dose (ED) stored in grains is

measured. It involves a different measurement me-
thodology and apparatus. The measurement of the
so-called dose rate (Dr) may be identical (spectro-
metric) in the two methods (Fedorowicz, 2003). The
age of a deposit measured by luminescence methods
is the quotient of equivalent dose and dose rate. It
specifies the moment when a given deposit was last
exposed to solar radiation.

Deposit exposure to solar radiation, hence also
the reduction of energy stored in grains, limits me-
thod application due to the impossibility to date all
types of deposits. This limitation is met by Aeolian
deposits (loess and dune sands) and sand deposits,
such as beach sands and fluvial sands (Bluszcz, 2000,
Fedorowicz, 2003, Maruszczak et al. 1992), which
are suitable for luminescence dating.

The time of past grain exposure to solar radia-
tion is of crucial importance for measurements. If it
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was too short, the energy stored in the deposit might
have only been decreased, and not reduced. This
may falsify results in luminescence dating. In this
case, the age of deposit will be made older. The
energy reduction process (the so-called zeroing pro-
cess) may be faster or slower. It takes less time to
zero OSL than TL signals. The short time of depo-
sit exposure to solar radiation may lead to total
zeroing of OSL signal, but the TL signal may be
only reduced in that time.

The time of deposit exposure to solar radiation
may but does not have to cause discrepancies in
data obtained via TL and OSL methods for the
same sample. If the time of solar radiation was long
and intensive in the past, the age of deposit should
be approximately the same according to the both
methods. If the time of exposure to solar radiation
was short and less intensive, the TL age will be
longer than OSL. The application of both TL and
OSL methods may provide additional information
about deposition conditions.

TL AND OSL METHODS

TL dating was carried out by S. Fedorowicz. The
dried deposit 0.5 cu. dm in volume was subjected
to spectrometric measurement K, 2»Ra, 2Th.
Twenty measurements were made, each of them las-
ting 2,000 s. Nuclide values were converted into a,
B, y radiation doses and adjustments were made for
deposit humidity (Aitken, 1983). The dose rate is a
sum of alpha, beta and gamma radiation, and cos-
mic radiation. The dose rate was measured with the
MAZAR spectrometer.

The equivalent dose was measured on the 80-
100 pm fraction of grains sifted earlier from the
entire sample mass. Grains were treated first with
10% HCI and than with HF for 1 hour. After the
samples had been rinsed with distilled water and
dried, extracted grains were divided into 7 portions.
The first portion was used for natural thermolumi-
nescence measurements. The remaining portions
were treated with the ultraviolet lamp to reduce the
energy stored in grains. After the grain energy had
been zeroed, residues of energy in grains were mea-
sured (the so-called residual thermoluminescence).
The remaining 5 portions were irradiated with gam-
ma rays from the cobalt bomb, and ray values were
selected in such a way as to regenerate the energy
originally accumulated by the grains. The equivalent
dose was measured by the regeneration method with
the use of a reader-analyser, model RA’94. Samples
were heated to 500 °C at the heating rate of 8 gra-
des/s. Several glow curve charts were prepared for
each portion. The plateau test was also carried out
to check for sample saturation.

OSL dating was carried out by A. Bluszcz from
the Silesian Technical University in Gliwice under
the co-author’s university research grant (BW 1230-
5-0125-3). The dose rate was measured spectromet-
rically; U, Th and K measurements were made with
adjustments for deposit humidity, cosmic radiation,
grain size and HF etching. The equivalent dose was
measured with the SAR method for grains of 125-
200 pm granulation (Bluszcz, 2000).

GEOLOGICAL SETTING

For extra- and periglacial areas, loess formations are
the most important carriers of information about
the course of events in the Quaternary period. They
provide a comprehensive information, starting from
data on the accumulation environment and climatic
changes up to a detailed information about local
palacoenvironmental conditions (Mojski 1981).

One of the most characteristic features of these
formations is the occurrence of fossil soils in loess.
The loess sequence, of the last glacial period in
particular, reveals short-term climatic oscillations re-
cognized by examining deep marine deposits and
ice cores (Bond et al. 1993, Johnsen et al. 1992,
Dansgaard et al. 1993). For these reasons it is of
crucial importance to determine the loess stratig-
raphy and chronology.

Polish loess researchers mainly focus on loess
covers in Southern Poland Uplands where loesses
build extensive and thick covers. As a result, loes-
ses of the Carpathian area, where they occur irre-
gularly, fell slightly beyond the scope of interest. It
was not until recently that interest in Carpathian
loess has increased and a large progress of research
was achieved (Lanczont 1997). This article is ano-
ther contribution to this trend: we present the la-
test results of luminescence dating of two Carpathian
loess profiles located in the close vicinity and re-
lated to the Pleistocene terraces of the San River
(Dybawka, Tarnawce). The study also covered one
of the peri-Carpathian plateau loess profiles (Za-
rzecze) whose state of examination is more ad-
vanced, but materials for the determination of their
chronology are not sufficient and unambiguous
enough from the palaeogeographic point of view
(Laskowska-Wysoczafiska 1991, Butrym, Maruszczak
1992, Lanczont et al. 2000). The determination of
loess age should enable a more precise correlation
of loess deposition cycles and warming phases, when
dust covers were fixated by the vegetation and soils
were formed, with the climatic phenomena registe-
red in deep marine deposits and ice cores as oOxy-
gen-isotope stages distinguished on a global scale.
In the end it should enable the determination of
their chronostratigraphy. Loess-soil deposits, which
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may be correlated with OIS 6-2, were taken into
consideration in the profiles analysed; older loess
sequences in the Tarnawka and Zarzecze profiles
were not taken into account. We wish to emphasize
that all stratigraphic units of a lower rank distin-
guished in the relevant loess stratigraphy scheme
are represented in the Vistulian part of the profiles
(Maruszczak, 1991).

The profiles under consideration are situated in
the SE part of Poland in the Przemysl-Dynéw Food-
hills (The Outer Carpathians) and the Kaiczuga Pla-
teau, which belongs to the Sandomierz Basin. The
main morphological elements of the Carpathian
Foothills include relicts of three surfaces of partial
planation forming a step-like relief. The remains of
the oldest level are preserved at an altitude of ca.
500 m a.s.l. on the watershed of the main rivers,
i.e. the San and the Wiar. The middle and bottom
levels are situated at the altitudes of 380-410 m
a.s.l. and 290-320 m a.s.l., respectively. The morpho-
logical axis of this area is the extensive and deep
San valley. Its slopes, as well as valley slopes of
other bigger rivers, contain a number of benches
and flattenings that belong to the set of Pleistocene
terraces.

The Carpathian Foreland has flat, quite mono-
tonous hummocks. The area of this plateau reaches
the altitude of 240-300 m a.s.l. It is quite intensi-
vely dissected, and the height differences are up to
40-80 m. The Kaniczuga Plateau steeply descends
to the 20 m high Pleistocene terrace of the San.

The distribution of loess in the Carpathian Foot-
hills is uneven. Some bigger patches can be found
in the marginal zone of the Carpathians. In the
interior part of the Foothills there are loess islands.
They can be found mainly in the San river valley,
where the largest loess areas are connected with
high and middle Pleistocene terraces; the thickness
of such loess is sometimes more than 20 m. The
upper border of the loess extent lies at an altitude
of 280-320 m a.s.l. In the Kaficzuga Plateau, the
cover of loess and various loess formations occupies
nearly its entire area, except for valley-floors. For
this reason, the region is also known as the peri-
Carpathian loess plateau.

Figure 1 presents all the results of deposit da-
ting obtained by the TL and OSL methods. It should
be stressed that the correlation of loess and soil
horizons with stratigraphic units within the younger
Quaternary period and the correlation with oxygen-
isotope stages, as presented in Fig. 1 and the pro-
file description, were based on a wide range of ge-
ological and palaeogeographic criteria. Results of de-
posit dating were not of a decisive nature; therefo-
re, there are sometimes discrepancies between the
stratigraphic position adopted for a given stratum

and the TL (OSL) age of the deposit building such
a stratum.

THE PROFILE OF LOESS DEPOSITS IN
TARNAWCE NEAR PRZEMYSL

The profile is situated on the northern side of the
valley of a nameless San tributary, which cuts into
a flattening genetically related to the high terrace
of the San river. The top of exposure is at 248 m
a.s.l. The age of the high terrace is indirectly spe-
cified as the period after the retreat of the San 2
ice-sheet, which, in its maximum extent, covered the
margin of the Carpathians and entered the San val-
ley. The evidence for this terrace age may be the
lack of till within its limits and the sporadic presen-
ce of Scandinavian rock gravel in the secondary de-
posit in the alluvial cover of the terrace (Lanczont
1991a, 1993). The rock socle of the terrace is si-
tuated at approx. 35-37 m above the San riverbed
and is covered by a thin layer of alluvial deposits.
Two main complexes of silt deposits, which corres-
pond to the older loess representing the Odra
(=Drenthe) and Warta (=Warthe) Glacials and the
younger loess from Vistula (=Weichselian) Glacial
were distinguished in the profile (Fig. 1). The lower
loess series is represented by loess-like bog-alluvial
deposits 3.5 m thick, with erosion hiatuses in the
middle and upper strata. Redeposited remains of
Lublin (=Riigen) (?) paleosol occur on the denu-
dation surface. The series of deluvial loess-like de-
posits representing Warta Glacial contains a rich in-
ventory of deposition structures, which reflect the
variability of sedimentation processes. The top part
of the older loess bed comprises a pedocomplex con-
sisting of forest soil and superimposed turf soil cor-
related with the Eemian Interglacial and Early Gla-
cial on the basis of soil typology, and in particular
on palaeobotanical analysis (Komar, Lanczont 2002).
Thin strata of deluvial loess from the Early Vistu-
lian and Lower-Middle Pleniglacial are to a large
degree weathered and pedogenically transformed; at
a depth of 3.15-4.15 m there are two interstadial
soils partially destroyed by erosion processes and
separated by a thin stratum of strongly weathered
loess. It is only Upper Pleniglacial loess in this pro-
file that has a nature of typical/proper aeolian loess
and is relatively thick (>3 m).

THE PROFILE OF LOESS DEPOSITS IN
DYBAWKA DOLNA NEAR PRZEMYSL

It is a loess profile on the medium San terrace, the
relative altitude of which is approx. 20-25 m. The
top of exposure is 223 m a.s.l; the San riverbed is
situated at 196.7 m a.s.l. and the terrace height abo-
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Fig. 1. Loess profiles at Dybawka, Tarnawce and Zarzecze.

Holocene soil and interglacial paleosol: I — humus horizon, 2 — eluvial horizon, 3 — illuvial horizon, 4 — soil deluvia,
5 — interstadial paleosols, 6 — gley signs, 7 — loess, 8§ — muddy sand, 9 — sand, 10 — sand with gravel, 71 — debris
cover, 12 — glacial till, /13 — molluscan shells, /4 — erosion boundary

1 pav. Liosy profiliai prie Dybavkos, Tarnavce ir Zarzece

ve the riverbed is 26 m in the profile under exami- the loess that covers this terrace was identified
nation. It is a new unpublished profile; however, earlier (Lanczont, 1991) in the exposure located at
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a distance of approx. 0.3 km downriver. The two
profiles are similar in many respects, but the one
examined earlier includes loess deposits of Early Vis-
tulian together with the boggy soil topping them,
and the loess thickness is lower in this profile.

The stratigraphic interpretation of the newly dis-
covered profile was based on the lithologic features,
analysis of paleosols and in correlation with the ad-
jacent loess profiles, which are described in detail
(Lanczont 1994, 1997). In our profile loess is sepa-
rated from the Flysch rock socle located at an al-
titude of ca. 4 m above the San level, with alluvia
in the form of a thick gravel series and a thin sand
stratum — the deposits most probably from the pe-
riod of Warta Glacial. There are no deposits from
the Eemian Interglacial (stratigraphic hiatus), which
may be explained as a result of the active deep and
lateral erosion that took place in the final phase of
the Eemian Interglacial (Lanczont 1994). Thin allu-
vial muds lying on Warta sands belong to the Early
Vistulian. In the lower part of the silt series there
are several weakly developed tundra gley paleosols,
which most probably represent interstadials of the
Middle Vistulian. Above it there is an 8-meter loess
layer from the Upper Pleniglacial; it is internally
differentiated as regards structural loess features.
These are very typical carbonate loesses, which con-
tain 40-50% of the 0.05-0.02 mm fraction. At a
depth of 7.5 m there is a horizon of initial pedoge-
nesis, which points to the poor tundra vegetation
and provides a basis for the separation of two stra-
tigraphic subunits of the Upper Pleniglacial loess.
In light of the foregoing facts and dating results, it
may be supposed that the highest intensity of loess
accumulation took place at the end of this period.
Furthermore, from simple calculations we conclude
may that the maximum accumulation rate might ha-
ve reached even 2 mm/year; hence, it was twice as
high as in the case of loess in Central Poland Up-
lands (Maruszczak 1991).

THE PROFILE OF QUATERNARY DEPOSITS
IN ZARZECZE NEAR PRZEWORSK

It is located next to the active brickyard situated in
the northern outskirts of this village by the road to
Przeworsk. It is the central part of the Kanczuga
Plateau.

The profile is built of two basic deposit compo-
nents: loess and glacigenic sediments. The loess part
of the profile was presented by Laskowska-Wyso-
czanska (1991). The TL dating results provided in
her publication and conducted in the Warsaw labo-
ratory are controversial, also for the author herself.
In 1999 Malata and Wojcik discussed the sub-loess
part of the profile, and Lanczont et al. (2000) ma-

de an attempt to date the deposits in the entire
profile by the TL method; under- and overmoraine
deposits were dated by J. Kusiak at the laboratory
of the Department of Physical Geography and Pa-
laeogeography at the Maria Curie-Sktodowska Uni-
versity in Lublin.

At present, luminescence examination covered the
upper, loess part of the profile, nearly 8 meters
thick. The key horizon is the Eemian — Early Gla-
cial pedocomplex at a depth of 4.1-6.15 m. The
most important element of this soil is a well-deve-
loped illuvial horizon 1.5 m thick, an evidence of
interglacial forest soil. The humus horizon, which is
above illuvium, is most probably a superimposed
layer and related to pedogenesis, which took place
in woodless, steppe conditions in the Earliest Vistu-
lian. Under this soil there is a stratum of loess-like
deposit, ca. 1.5 m thick, separated by two-horizon
brown earth soil. It is either weakly developed in-
terglacial soil or interstadial soil. It is very difficult
to specify the stratigraphic position for this soil, es-
pecially that TL dates obtained for sub-Eemian
deposits in the Lublin and Gdansk laboratory are
discrepant. Previously this soil was interpreted as a
result of interstadial pedogenesis (?) from the San
2 (=Elstera 2) Glacial, although it was not possible
to rule out that it is related to the younger or older
part of the so-called Great Interglacial (=Holstein)
(Lanczont et al. 2000). The current results suggest
that the soil is related to the Lublin Interglacial.

The loess that covers the Eemian-Early Glacial
pedocomplex, is not very thick and signs of strati-
graphic differentiation are not very visible. However,
it is worth noting that the paleosol at a depth of
3.75-3.95 m, which is considerably destroyed by slope
processes, may be most probably linked to the
younger interstadial within the Early Vistulian. Abo-
ve it there is clayey loess; its features point to an
accumulation in tundra conditions of a cold but not
extremely dry climate, which was predominant in
the first phases of the Upper Pleniglacial. No youn-
gest layers were identified in the profile. It is very
likely that they were removed during the increased
erosion and denudation phase in the Late Vistu-
lian, caused by permafrost degradation. Loess co-
vers were cut in areas of a high relief, even before
they were fixated by the vegetation (Maruszczak
1991).

DISCUSSION

TL and OSL dating results may be analysed from
two points of view. The first issue is how the pre-
vious geological surveys and basic studies verify the
luminescences dates. Which analyses confirm the cur-
rent knowledge about the profile examined? Which
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test results are erroneous in light of our current
knowledge?

The second issue concerns the answer to the
question what information was provided by simulta-
neous TL and OSL measurements.

The literature contains very few examples of in-
terlaboratory comparisons of dating results. There
are few comparisons of radiometric dating and very
few comparisons regarding luminescence measure-
ments (Bluszcz 2000). It should be borne in mind
that TL dating results have been available in the
literature for 30 years. There are several dozen thou-
sands of these results. Results of the newer method
(OSL) started to appear in the literature slowly. Up
till now there is a lack of relation between these
luminescence methods.

The comparative results of TL and OSL methods
apply to the Dybawka (DA) and Tarnawce (TA) pro-
files. Nine samples were collected from the profiles.
The same material was dated by both methods (first
TL, next OSL). Comparative results are shown in
Table, which served as a basis for the preparation
of the figure TL = f(OSL) (Fig. 2).

100,00
y = 1,3285x + 0,242
R?=0,9354
T
o
£ 1000
—
~
1,00 ‘
1 10 OSL [kaBP] 100

Fig. 2. Methodical intercomparison of TL and OSL dates
2 pav. TL ir OSL daty metodiné koreliacija

determination of the correlative coefficient between
the methods for loess samples and perhaps for all
types of deposits

— the age when a given stratum was form-
ed should be determined by the youngest TL

Table. Results of TL and OSL dating and OSL dates, since they indicate the mo-
Lentelé. TL ir OSL datavimo rezultatai ment of the last exposure to light.
Sample Lab. No TL age Lab.no OSL age OSEX;I::}IEES r:ftglfl Ssll?og\:ve gﬁgirltll(;::estevrvgghe;ilie-
UG (ka BP) GD TL | (ka BP) .
ty due to the energy accumulated in such
TA-1 5666 126 = 140 27 9.27 £ 030 |  grains. For this reason individual portions so-
TA-2 5667 16.6 + 1.50 728 12.82 + 046 | metimes give a large dispersion of results.
TA-4 5669 30.8 £ 3.20 729 299 £ 15 The laboratory that has conducted OSL dat-
TA-14 5679 136.3 = 15.00 725 40.1 £ 15 ing considers the age of the youngest por-
TA-16 5681 602 = 8.20 726 404 * 2.0 tions to be the final result and this result is
DA-2 5688 109 = 1.14 719 8.14 + 0.55 reflected in Fig. 2. The OSL laboratory also
DA-5 5691 104 + 1.40 744 6.10 += 042 specifies the age of the remaining older por-
DA-6 5692 14.6 + 1.64 723 10.08 = 039 tions. In the case of Dybawka and Tarnawce
DA-9 5695 15.6 + 2.04 724 1153 + 037 profile samples, it was also noted that the
portions examined showed an older age than
Table did.
Figure 2 does not include TA-14 and TA-16 re-
sults due to the insufficient protection of samples  cONCLUSIONS

against light. These samples were collected again in
the field and dated only by the TL method.

The following observations may be made from
Fig. 2:

— All TL dates are older than OSL dates

— TL and OSL dating results of the oldest sam-
ples differ significantly (results of the oldest sample
were not even presented in Fig.)

— seven dating results of the youngest samples
are very similar for both methods

— comparative results of the 7 youngest samples
clearly go parallel to the straight line. With the lar-
ger number of results, this fact may lead to the

All samples measured by the OSL method and show-
ing a younger age than TL also included older samples
that gave identical results in both methods. In the
Tarnawce profile the TL age of the Warta deposits
was younger than expected by more than 100 ka. War-
ta deposits were represented in the profile by seven
samples. Two floor samples of Warta deposits had a
lower TL age than Eemian soil samples, which were
situated higher. It is likely that soil processes had an
impact on the younger age of these samples. The youn-
ger age of the samples may be also explained by ad-
dition of a younger material, which might have been
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provided by the activity of underground animals; how-
ever, sample collectors did not notice any such traces,
possibly because of the wrong collection or inapprop-
riate protection of samples. As already noted, the latter
required re-collection of TA-14 and TA-16 samples
and their new TL dating.

It should be noted that the TL method is less
precise and the technique of a large number of por-
tions usually gives an averaged result for all grains
examined. Thus, in most cases the TL age is older
than the OSL age.
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LIOSU AMZIUS PRIE DYBAVKOS, TARNAVCE IR
ZAZECE (PR LENKIJA), NUSTATYTAS
TERMOLIUMINESCENCIJOS METODU

Santrauka

Straipsnyje pateikti rezultatai trijy Karpaty ir Perikarpaty
liosy pjiviy, esanciy PR Lenkijoje. Apzvelgus ankstesniy
tyrimy medziaga, analizuojami liosai, susij¢ su dviem gla-
cialiniais ciklais — Vartos ir Vyslos apled¢jimais. Termoliu-
minescijos metodu buvo datuoti 52 mineralogeniniy ir dir-
vozemio nuoguly méginiai. Devyniems méginiams atliktas
palyginamasis datavimas termoliuminescencijos ir optiskai
stimuliuotos liuminescencijos metodais. Galima spéti, kad
skirtingais metodais gauti rezultatai priklauso nuo panau-
dotos formulés, kuri nustatoma i§ interpoliacinés kreives.
Tam tikslui reikalingas didesnis rezultaty skaicius.

Mapus Jlanyonr, CranucnaB ®enoposuy

BO3PACT JECCOBBIX OTJIOXEHUI B
PA3PE3AX JIBIBABKA, TAPHABILIE N
3APXKEYE (I0OB I1OJIBIIA) ITO
TEPMOJIOMUHECHHEHTHOMY
JATUPOBAHUIO

PeszmowMme

[IpencraBieHbl pe3yabTaThl UCCIEIOBAHUN TPEX mpodu-
JIel ¢ KaprmaTCKUMH U HepBIKapIaTCKUMH JECCAMU, pac-
nonoxkeHHbIMH B FOro-Bocrounoit ITosbmre. O6001me-
HBbI UMEIOLITNECS CBEIEHUS IO M3YYEHHBIM OTIIOXKEHUSIM.
VY4TeHbl OTIOXEHUs NBYX TOCIEIHUX TISIHATBHBIX
LIMKJIOB, T. €. oyeneHeHnil BapTer u Bucnel. Jatuposa-
HBI 00pa3Ibl MHHEPATIOTCHHBIX U MOYBEHHBIX OTIOXKE-
uuit. Ilpencrasnenst 52 matsl mo TL. Jnsa 9 o6pasios
MIPOBEICHO CpaBHUTEIbHOE maTupoBaHue (TL m OSL).
[MonmyueHHble AaHHBIE MO3BOJSIOT MPEANON0XKUTH, YTO
CYIIECTBYET 3aBHUCUMOCTH, KOTOPYIO MOXHO BBIPA3UTh
(bopMyII0ii, UCTIONB3YEMO IIPU AATHPOBAHUH PA3HBIMU
JIIOMHHECIIEHTHBIMU MeTofaMu. dopmyra 3ta OyaeT BBI-
TEKaTh M3 MHTEPIONSIINK KpuBoil. JlocTOBepHas HHTEp-
MOJISAIUS BO3MOXHA MpH OOJNIBIIEM KOJHUYECTBE PE3yiIb-
TaTOB JATUPOBAHUS PA3HBIMU METOIAMH.



