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The Volochysk site be longs to im por tant and unique loess sites in the Podolia Up land (W Ukraine) be cause it con tains rel a -
tively well-de vel oped loess de pos its rep re sent ing the last and pen ul ti mate gla cial cy cles. This loess–palaeosol se quence
con sists of pedocomplex S1 (MIS 5) de vel oped on loess L2, and loess L1 (MIS 4-2) with the palaeosols of lower, interstadial
rank. In this se quence, dif fer ent periglacial struc tures were found, in clud ing the larg est ones of ice-wedge cast type. Dif fer ent 
quartz and polymineral frac tions sep a rated from the sam ples col lected in the Volochysk site were dated us ing lu mi nes cence
meth ods (SAR OSL, post-IR IRSL and TL) in three Pol ish lu mi nes cence lab o ra to ries in Gdañsk, Gliwice and Lublin. In to tal,
69 lu mi nes cence dat ing re sults were ob tained for 18 sam ples. The meth od olog i cal and re search aims were to carry out mu -
tual ver i fi ca tion of the ob tained dat ing re sults as well as to ana lyse and in ter pret the dif fer ences be tween them, and to de ter -
mine the age of dis tin guished de posit lay ers and the pe riod of cryo genic ac tiv i ties. The lu mi nes cence dates of the sed i ments, 
which were de pos ited dur ing MIS 2, 3 and 4, cor re sponded fairly well to the ages at trib uted to these stages. They also in di -
cate the age of periglacial phe nom ena. How ever, the TL dates were gen er ally older than the OSL ones, es pe cially those ob -
tained for the sed i ments de pos ited dur ing MIS 5 and 6. The re sults of the re search of the Volochysk se quence were
com pared with those ob tained in past years for the loess de pos its of the Volhynian Up land (north of Podolia) dur ing sim i lar
inter–lab o ra tory anal y ses con ducted to de ter mine their age. The re sults of OSL datings of the older de pos its (MIS 5 and
MIS 6) are un der es ti mated ir re spec tive of the used method, and the type (quartz, polymineral) and size of grains. Nu mer ous
at tempts were made to ex plain this phe nom e non, which, how ever, give no an swer. It was only found that this un der es ti ma -
tion cor re sponded to the equiv a lent dose value of ~150 Gy.

Key words: loess–palaeosol se quence, lu mi nes cence dat ing, quartz, polymineral frac tions, Podolia.

INTRODUCTION

Ukrai nian loess de pos its are sit u ated near the north ern
bound ary of the cen tral part of the Eu ro pean loess prov ince
(Fig. 1A). A con sid er able part of this prov ince oc curs in Ukraine
where sev eral loess re gions with vast and thick loess cov ers
can be dis tin guished. In the west ern part of Ukraine, these are
the Volhynian and Podolian up lands (Fig. 1B). A re gional strati -

graphic scheme of loess de pos its in the west ern part of Ukraine 
was es tab lished by Bogucki (1972, 1986, 1987), and then de -
vel oped in de tail by Bogucki and £anczont (2002). The lu mi nes -
cence age of the Volhynian loess was re cently stud ied in de tail,
based on the Boyanychi and Korshiv key pro files (Kusiak et al.,
2012; Fedorowicz et al., 2013) that are also very im por tant for
stra tig ra phy of the Mid dle and Up per Pleis to cene loess in Cen -
tral Eu rope (Bogucki and £anczont, 2011). Loess from the
Boyanychi pro file was TL dated in the Gdañsk and Lublin lab o -
ra to ries (Kusiak et al., 2012), while the Korshiv pro file was sam -
pled for TL and OSL dat ing, and the same sam ples were dated
in three Pol ish lab o ra to ries – in Gdañsk, Gliwice and Lublin.

The same group of au thors un der took also work on de ter -
min ing the TL age of loess in the south ern and cen tral parts of
the Podolia Up land, in the catch ments of the Seret, Zbruch and

* Cor re spond ing au thor, e-mail: loess@poczta.umcs.lublin.pl

Re ceived: Feb ru ary 19, 2018; May 17, 2017; first pub lished on line:
November 13, 2018



Prut rivers (Bogucki et al., 2009; Kusiak et al., 2012; £anczont
et al., 2011; £anczont and Madeyska, 2015). The Podolian
loess de pos its are char ac ter ized by pre dom i nance of older
(Mid dle and Lower Pleis to cene) loess, while loess rep re sent ing
the last gla cial cy cle is found rarely and its pro files are in com -
plete. This gap in un der stand ing of the youn ger part of the
palaeoclimatic his tory of the Podolia Up land can be filled by the
re sults ob tained for the loess pro file ex posed in the brickyard at
Volochysk on the Zbruch River, which is sit u ated in the north ern 
part of the up land. In this pro file the up per part of the loess
cover is rep re sented by rel a tively well-de vel oped youn ger loess 
with strati graphic di ver sity sim i lar to that typ i cal of the Volhynian 
loess de pos its, which oc cur ~35 km to the north. In or der to de -
ter mine the age of loess and soil lay ers dis tin guished in the
Volochysk pro file, the meth ods of TL, OSL and IRSL dat ing
were used. At the same time, the re la tion ship be tween the ob -
tained re sults and the grain size and type (quartz or polymineral 
frac tion) of dated sam ples was an a lyzed. An at tempt was also

made to as sess the use ful ness of grain-size anal y ses for the
se lec tion of grain frac tions used for lu mi nes cence dat ing. Such
at tempts were taken ear lier for inter gla cial aquatic sed i ments
(Fedorowicz and Gaigalas, 2010). An ad di tional pur pose was to 
de ter mine the time of for ma tion and de struc tion of large
periglacial wedge struc tures, which form a cryo genic key ho ri -
zon in the Volhynian and Podolian loess pro files.

The main pur poses of the study were:

– to de ter mine the age of Late Pleis to cene loess and soil
ho ri zons in Podolia, in com par i son with the age ranges
of warm and cold pe ri ods in the ox y gen iso tope time
scale (Co hen and Gibbard, 2012), based on the
inter-lab o ra tory dat ing re sults;

– to make an in ter re gional (Volhynia, Podolia) cor re la tion
be tween the suc ces sive loess- and soil-form ing stages
of the Late Pleis to cene in the west ern part of the East
Eu ro pean loess prov ince;
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Fig. 1. Lo ca tion of the Volochysk loess pro file in re la tion to: A – loess dis tri bu tion in Eu rope; B – loess dis tri bu tion in the
west ern part of Ukraine; C – top o graphic sketch



– to use a quite large col lec tion of dat ing re sults of the
Volhynian and Podolian loess de pos its, ob tained in sev -
eral lab o ra to ries us ing dif fer ent pro ce dures, to draw con -
clu sions about dat ing meth ods.

VOLOCHYSK PROFILE – KEY LOESS SITE 
OF THE NORTHERN PODOLIAN LOESS COVER

The Volochysk site is one of a few loess pro files of the north -
ern Podolia area. This pro file (26°14.5’ E; 49°33’N) is sit u ated in 
the west ern part of the Khmelnytskyi Pla teau (a sub re gion of the 
Podolian Up land, west ern Ukraine), on the left side of the val ley
of the Zbruch River, which is a trib u tary of the Dniester River
(Fig. 1B, C). The site is lo cated in the east ern out skirts of the
town of Volochysk, in a pit where loess is ex ploited for a lo cal
brickyard. The pit is lo cated in the up per part of loess pla teau
slope (Figs. 1C and 2A). The pro file top is at 284 m a.s.l., while
the wa ter shed part of the pla teau reaches 305 m a.s.l. The val -
ley bot tom is at 275 m a.s.l. (Fig. 1C).

In the Volochysk site the near-sur face part of the loess
cover con sists of two loess units (L1 and L2 ac cord ing to Kukla,
1987) ac cu mu lated dur ing the last two gla cial cy cles, which are
sep a rated by the Horokhiv pedocomplex (S1), cor re lated with
MIS 5. The youn ger loess L1 con tains ho ri zons of lower strati -
graphic rank, i.e. the Dubno soil unit (MIS 3) and the interphase
Krasyliv ho ri zon which is a bur ied ac tive per ma frost layer (within 
the youn ger part of MIS 2). This loess–soil se quence con tains
also a rich set of dif fer ent and un even-aged periglacial de for ma -
tions, with the most no tice able ho ri zon of large ice-wedge casts
be ing un equiv o cal ev i dence of per ma frost oc cur rence and con -
nected with the Krasyliv ho ri zon. This is a sys tem of cryo genic
struc tures of the youn gest gen er a tion found in the Late Pleis to -
cene loess de pos its of the East Eu ro pean loess prov ince.
These struc tures be long cer tainly to the larg est ones (Bogucki,
1990). The ice-wedge casts form poly gons at least 30 m in di -
am e ter.

Loess de pos its in the Volochysk site were in ves ti gated in two
pro files. Ex po sure I (Fig. 2A, B) was se lected be cause it rep re -
sented a quite com plete se quence of lay ers, not much dis turbed
by periglacial phe nom ena. Ex po sure II (Fig. 2A, F) con tained a
large, >4 m high, ice-wedge cast (Fig. 2C–E). Only the top part of
loess L2 was in ves ti gated, which di rectly un der lies soil S1 (~1 m
thick). In the stud ied ex po sures, the thick ness of loess L2
reaches 4–5 m (Fig. 2C), but its bot tom is not vis i ble. Li thol ogy
(Ta ble 1) of the pro file was de scribed in the field by A. Bogucki
and M. £anczont in 2010 (Fig. 2B). The pro file was sam pled for
lu mi nes cence dat ing and physico-chem i cal anal y ses. The sam -
pling sites are marked with the sym bol “W-” (Ta ble 1).

PHYSICO-CHEMICAL ANALYSIS

Main par ti cle-size pa ram e ters were de ter mined for all col -
lected sam ples (18) in Lublin (Fig. 3), while cal cium car bon ate
con tent was mea sured in Gdañsk (Fedorowicz et al., 2012;
Matla, 2012). Par ti cle-size dis tri bu tion was de ter mined by a la -
ser dif frac tion method (with the use of the Malvern Mastersizer
2000 Hy dro G). Sam ples were pre pared ac cord ing to the pro ce -
dure pro posed by Antoine et al. (2013). The par ti cle-size dis tri -
bu tion var ies in the ver ti cal pro file, but two frac tions (16–32 [m
and 32–50 [m) con sti tute ~25–33% of each sam ple. The oc -
cur rence of coarser grains (0.5–0.2 mm) is no ta ble, as they are
found only in the Dubno pedocomplex (sam ples W-6 and W-5)
and Krasyliv ho ri zon (sam ple W-1) – 3.5, 2.8 and 6.2%, re spec -

tively. The cal cu lated granulometric in di ces (vide Folk and
Ward, 1957) are typ i cal of loess de pos its, i.e. poor sort ing
(1.48–2.36) and pos i tive skew ness (0.01–0.37), ex cept for the
men tioned soil ho ri zons. The mean grain size in the stud ied se -
quence ranges from 5.45 to 6.19 phi.

In re spect of par ti cle-size dis tri bu tion, the ma te rial fill ing the
ice-wedge cast is quite uni form. The con tents of in di vid ual frac -
tions are sim i lar in four analysed sam ples (the dif fer ences gen -
er ally do not ex ceed 2%).

The whole pro file is car bon ate, with the high est CaCO3 con -
tent di rectly be low the Krasyliv ho ri zon (>15%) and in the top
part of L2 (~25%), and the low est con tent in the Dubno (5–6%)
and Horokhiv (<2%) units (Fig. 3).

DATING METHODS

In or der to de ter mine the lu mi nes cence age of de pos its, 14
sam ples were taken from the un dis turbed part of ex po sure I. All
the dis tin guished soil and loess units were sam pled. Each loess 
layer of con sid er able thick ness (>0.5 m) was sam pled at 2–3
sites. In ex po sure II, four sam ples were taken along the ver ti cal
sec tion of the ice-wedge cast (Fig. 2E). Ma te rial from all the se -
lected sam pling sites was taken us ing three probes at the same 
time. In case of sam ples for the Gliwice and Lublin lab o ra to ries,
metal tubes, 40 cm long and 5 cm in di am e ter, were used. Sam -
ples taken for TL dat ing in the Gdañsk lab o ra tory were
cube-shaped blocks with the sides of 10 cm. Mean mois ture
val ues mea sured for loess de pos its range from 15 to 25%
(Aitken, 1998). The en gi neer ing ge ol ogy in ves ti ga tions of the
Podolian loesses (Bogucki et al., 2014) showed the fol low ing
val ues of nat u ral mois ture: loess L1 – 10–17%, Dubno unit –
17–19%, Horokhiv unit – 15–23%, loess L2 – 12–15%, and in -
fill ings of ice-wedge casts – 10–16%. There fore, in this work,
we used the mois ture value of 15% in the cal cu la tions (Gdañsk
and Lublin lab o ra tory).

The sam ples for lu mi nes cence dat ing were col lected in
2010. They were dated us ing the TL, OSL and IRSL meth ods in 
three Pol ish lab o ra to ries (in Gdañsk, Gliwice and Lublin). In to -
tal, 69 lu mi nes cence dat ing re sults were ob tained for dif fer ent
grain frac tions. Dat ing was car ried out in two stages. In 2011,
the lab o ra to ries ap plied their an a lyt i cal pro ce dures. In Lublin,
the OSL method (post-IR IRSL tech nique) was used for dat ing
of the 45–56 µm frac tion of polymineral grains. Par ti cle-size de -
ter mi na tion by la ser dif frac tion in di cated that the con tent of this
frac tion in the sam ples ranged from 4.1 to 7.6% (the av er age
was 5.7%). In Gliwice, the SAR OSL method was used for dat -
ing of the 90–125 µm frac tion of quartz grains. The con tent of
this frac tion was 0.5–3.4% (the av er age was 1.4%). In Gdañsk,
the TL method was used for dat ing of the 80–100 µm quartz
frac tion, the con tent of which ranged from 0.5 to 1.4% (the av er -
age was 1.1%). The sec ond stage of dat ing was in 2014. In
Gliwice, the OSL method (post-IR IRSL tech nique) was used
for dat ing of the 4–11 [m polymineral frac tion (12.5–23.8%; the
av er age 18.6%). In Lublin, the SAR OSL method was used for
dat ing of the 45–63 µm frac tion of quartz grains (5.6–10.6%;
the av er age 7.9%), and it was the same ma te rial which was
dated in the Gdañsk lab o ra tory in 2011 (Ap pen dix 1*).

GLIWICE LABORATORY

All sam ples were dried in the lab o ra tory. The Can berra
high-res o lu tion gamma spec trom e ter with an HPGe de tec tor
was used to de ter mine the con tents of U, Th and K in the sam -
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Fig. 2. Volochysk loess pro file: A – view of the pit from the south; B – main ex po sure I; C – loess–soil se quence S0–L2; D, E, F – 
ex am ples of ice-wedge casts; G – bioturbation forms (krotovinas) in the Horokhiv soil

Depth
[m]

Char ac ter is tic

0–0.9

Re cent soil of cher nozem type (S0)

Hu mus ho ri zon (A) of cher nozem, the bot tom part 0.4 m thick, car bon ate sandy silt, grey and dark grey, with dis tinct
crumb struc ture, with krotovinas and small fau nal chan nels filled with soil ma te rial; HCl+. Grad ual tran si tion.

Ho ri zon Bk, sandy silt, dark yel low, po rous, with nu mer ous pseudomycelia and car bon ate con cre tions up to 4–5 cm
in di am e ter, in the bot tom part more in tensely gleyed and en riched with iron com pounds, with ex cep tion ally nu mer -
ous krotovinas filled with dark hu mus ma te rial within the ma te rial of ho ri zon Bk, which cre ates spotty ap pear ance of
ho ri zon. Dis tinct bound ary, un even, in many places dis tin guish able due to the con cen tra tion of krotovinas (5 cm in

di am e ter) and small fau nal chan nels (2 cm in di am e ter).

Loess L1

0.9–1.5

Krasyliv ho ri zon – sandy silt, car bon ate, yel low ish, com pact, with a dense net of pseudomycelia, with nu mer ous
car bon ate con cre tions up to 3 cm in di am e ter, with soft black Mn-Fe nod ules up to 3 mm in di am e ter. Dis tinct bound -

ary, ac cen tu ated by en rich ment with iron com pounds.

W-1 – 1.1 m; W-2 – 1.4 m

1.5–1.9

Ho mo ge neous car bon ate loess, yel low ish-grey, in places gleyed and en riched with iron com pounds, with black and
rust-col oured Mn-Fe nod ules that are less nu mer ous than in the Krasyliv ho ri zon, with pseudomycelia, and sin gle

nar row fis sures filled with car bon ates. Dis tinct bound ary, change of col our and de posit com pact ness.

W-3 – 1.6 m; W-4 – 1.8 m

1.9–2.5

Dubno interstadial pedocomplex, dis turbed by solifluction, es pe cially in the up per and lower parts, but lo cally
along the whole thick ness.

Hu mus ho ri zon, 0.35 m thick (1.9–2.25 m), car bon ate clayey silt, blu ish-grey ish or grey, strat i fied in places, com pact, 
with nu mer ous fi brous pseudomycelia, with spots of iron com pounds, and Liesegang ring-type struc tures up to

1.5 cm in di am e ter. Sub-ver ti cal nar row (0.5 cm) fis sures, en crusted with car bon ate, 1.5–2 m deep, oc cur at reg u lar
in ter vals (ev ery 0.5–0.7 m) and run down wards from the sur face of ho ri zon A.

W-5 – 2.05 m

Ho ri zon Bw, 0.25 m thick (2.25–2.5m), car bon ate clayey silt, yel low-brown, in dis tinctly strat i fied in places, quite ho -
mo ge neous, com pact, with nu mer ous soft black Mn-Fe nod ules. Dis tinct bound ary.

W-6 – 2.35 m

2.5–2.7

Car bon ate loess, fawn with blu ish tint, ho mo ge neous, in dis tinctly strat i fied in places, with soft black Mn-Fe nod ules
up to 3 mm in di am e ter; HCl+. Dis tinct bound ary.

W-7 – 2.6 m

2.7–3.0

Solifluction ho ri zon – com posed of dark yel low loess and light brown hu mus ma te rial from the un der ly ing Horokhiv
soil, car bon ate, with pseudomycelia, and small Mn-Fe nod ules. Dis tinct, wavy bound ary.

W-8 – 2.80 m

Fos sil pedocomplex S1, Horokhiv s.l.

3.0–4.0

Cher nozem, zonal soil

Hu mus ho ri zon, 0.8 m thick (3.0–3.8 m), al most en tirely de formed by solifluction. Fis sures with pri mary min eral in fill -
ing, which run down wards from this ho ri zon and are in clined to wards the north and also de formed. These de for ma -

tion pro cesses are post-Eemian be cause the fis sures as so ci ated with the youn ger Dubno unit are al most ver ti cal and 
undeformed. Ho ri zon A is com posed of clayey silt, dark brown, with low car bon ate con tent; in the lower part – silt

with red dish tint, with nu mer ous sec ond ary car bon ates (pseudomycelia, con cre tions up to 2 cm in di am e ter,
encrustation of fis sures), abun dant traces of bioturbation – krotovinas (up to 10 cm in di am e ter), which are of ten flat

and in clined ac cord ing to the for mer ground re lief, and small fau nal chan nels (2 cm in di am e ter). Dis tinct, un even
bound ary, vis i ble as a change in col our.

W-9 – 3.2 m; W-10 – 3.6 m

Ho ri zon B, highly var ied in thick ness (from 0.2 to ?0.4 m), with nu mer ous sec ond ary car bon ates though the main de -
posit, the mass con tains low amount of CaCO3. This ho ri zon is char ac ter ized by very in tense de vel op ment of

bioturbation, which left krotovinas (10 cm in di am e ter), win ter bur rows (20 cm in di am e ter), and small fau nal chan -
nels. These forms are filled with dark ma te rial of hu mus ho ri zon and light fawn loess L2 (these colours dom i nate the
back ground of the ho ri zon). Lower bound ary is sharp, ac cen tu ated by the oc cur rence of a red-brown sand lamina,
which is un der lain by a level of car bon ate con cre tions up to 5 cm in di am e ter. Sin gle fis sures, over 1 m deep, filled

with the ma te rial from ho ri zons A and B, run down wards from this bound ary.

W-11 – 3.9 m

Loess L2

4.0–4.8

Ho ri zon Ck – car bon ate sandy silt, light fawn, strongly en riched with sec ond ary car bon ates (pseudomycelia, con cre -
tions 4 cm in di am e ter, pow dery car bon ates), with nu mer ous krotovinas and win ter bur rows up to 12 cm in di am e ter,

and small fau nal chan nels up to 3 cm in di am e ter. Lo cally, these forms are distinctly concentrated.

W-12 – 4.2 m; W-13 – 4.7 m

4.8–5.1
Car bon ate loess, but with lower con tent of car bon ates than in ho ri zon Ck, krotovinas are ab sent.

W-14 – 5.0 m

T a  b l e  1

Litho- and pedological char ac ter is tics and strati graphic in ter pre ta tion of the Volochysk pro file



ples (Ap pen dix 2). The mea sure ments were per formed for
600–800 g sam ples placed in Marinelli beak ers. The IAEA stan -
dards RGU, RGTh and RGK were used to de ter mine the ac tiv i -
ties of the iso topes pres ent in the sed i ment. The dose rates dr

were cal cu lated us ing the con ver sion fac tors of Adamiec and
Aitken (1998).

The cos mic ra di a tion dose (dc) to the site fol lows the cal cu -
la tions sug gested by Prescott and Hutton (1994). Based on
these data, the av er age dose rates for the 90–125 µm
grain-size frac tion were cal cu lated.

For the OSL mea sure ments, coarse grains of quartz
(90–125 µm) were ex tracted from the sed i ment sam ples by rou -
tine treat ment with 20% hy dro chlo ric acid (HCl) and 20% hy dro -
gen per ox ide (H2O2), fol lowed by dou ble siev ing be fore and af -
ter 60 min of con cen trated hydrofluoric acid (HF) treat ment.
Heavy liq uid (so dium polytungstate so lu tions) was used to ob -
tain a pure quartz ex tract.

For the post-IR IRSL mea sure ments, polymineral fine grain
sam ples (4–11 µm) were ex tracted from the sed i ment sam ples. 
The sed i ment was first treated with 20% hy dro chlo ric acid (HCl) 
and 20% hy dro gen per ox ide (H2O2). Sub se quently, the sed i -
ment was rinsed with deionized wa ter. Af ter dry ing, the sed i -
ment was sus pended in al co hol, and grains of de sired di am e ter
range were ex tracted by sed i men ta tion. First, larger grains
were de pos ited by leav ing the sus pen sion in a 7 cm high col -
umn of al co hol for 11 min. The sus pen sion was then trans ferred 
to an other test tube and left for an other 11 min. This step was
re peated 4 times. In the last step, the so lu tion above the set tled
ma te rial was de canted af ter 12 hours leav ing the re quired frac -
tion. The cleaned polymineral grains were sus pended in 50 ml
of ac e tone, and 2 ml of the sus pen sion was pipetted to a
flat-bot tom tube with a stain less-steel disk placed at the bot tom. 
The grains set tled on the disk sur face and, af ter evap o ra tion of
the al co hol, the disks with a mono-layer of fine polymineral
grains were ob tained. The OSL mea sure ments were per formed 
us ing an au to mated Day break 2200 TL/OSL reader (Bortolot,
2000). Multi-grain sin gle aliquots, each con tain ing ~1 mg of

grains at tached to stain less steel discs by means of Silkospray,
were used. For blue light stim u la tion, an ar ray of blue LEDs
(470 ± 4 nm) de liv er ing ~60 mW/cm2 at the sam ple po si tion was 
used. For the lab o ra tory ir ra di a tions, a cal i brated 90Sr/90Y beta
source in te grated with the reader de liv er ing a dose rate of
~5.27 Gy/min was used. The equiv a lent doses (de) were de ter -
mined us ing the sin gle-aliquot re gen er a tive dose (SAR) pro to -
col (Murray and Wintle, 2000). The OSL SAR pro to col, which
was used in our mea sure ments, con tained the fol low ing steps:

1. Ir ra di a tion with the re gen er a tive beta dose di,
2. Pre-heat at the tem per a ture of 260°C for 10 sec,
3. Blue light stim u la tion at the tem per a ture 125°C for

100 sec,
4. Ir ra di a tion with test dose dt (10% of the nat u ral dose, but 

not less than 5 Gy),
5. Cut-heat at the tem per a ture of 220°C,
6. Blue light stim u la tion at the tem per a ture 125°C for

100 sec.
For all SAR pro ce dures, a 0 Gy re gen er a tive dose step was

added to check the re cu per a tion of the OSL sig nal (Murray and
Wintle, 2000). The re cu per a tion for all mea sured aliquots was
<5%. In ad di tion, an IRSL mea sure ment was per formed to
check the pu rity of the ob tained quartz. For the polymineral fine
grains sam ples, equiv a lent doses were de ter mined us ing a
post-IR IRSL pro to col (Thiel et al., 2011), as fol lows:

1. Ir ra di a tion with the re gen er a tive beta dose di,

2. Pre-heat at the tem per a ture 320°C for 60 sec,
3. IR stim u la tion at the tem per a ture 50°C for 200 sec,
4. IR stim u la tion at the tem per a ture 290°C for 200 sec,
5. Ir ra di a tion with the test dose dt (10% of the nat u ral dose, 

but not less than 5 Gy),
6. Pre-heat at the tem per a ture 320°C for 60 sec,
7. IR stim u la tion at the tem per a ture 50°C for 200 sec,
8. IR stim u la tion at the tem per a ture 290°C for 200 sec,
9. IR stim u la tion at the tem per a ture 325°C for 100 sec.
In ten si ties mea sured in steps 4 and 8 were used for equiv a -

lent dose de ter mi na tion. For equiv a lent dose cal cu la tion, the
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Fig. 3. Li thol ogy of the pro file, par ti cle-size dis tri bu tion of loess (with the frac tions se lected for lu mi nes cence dat ing),
granulometric in di ces af ter Folk and Ward (1957), and car bon ate con tent
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first sec ond of the sig nal was used, and the back ground was es -
ti mated on the ba sis of the last 10 sec ond of the OSL de cay
curve. The pro to cols were coded as data-tak ing scripts and ex -
e cuted un der Day break First Light Soft ware (Bortolot and
Bluszcz, 2003).

Dur ing our in ves ti ga tion, the full growth curves (up to
1100 Gy) for sam ple W-12 were built. An ex am ple of such a full
growth curve is shown in Fig ure 4, to gether with a typ i cal de cay
curve. Growth curves in this case were fit ted with a dou ble sat u -
rat ing ex po nen tial func tion to de ter mine de.

LUBLIN LABORATORY

Sam ples of 600–800 g were dried in the lab o ra tory, put into
Marinelli beak ers, and placed in a pro tec tive cham ber of a
three-chan nel gamma-ray spec trom e ter of MAZAR-95 and
MAZAR-01 types (pro duced by Polon IZOT Warszawa). The
con cen tra tions of Ra, Th and K iso topes were mea sured
(Appendicies 3 and 4). Each sam ple was ana lysed from 40 to
100 times in the spec trom e ter, and each mea sure ment lasted
2000 s. The con cen tra tions of 226Ra, 228Th and 40K were con -
verted into dose rates – alfa (da), beta (db) and gamma (dg) – us -
ing the con ver sion fac tors of Adamiec and Aitken (1998). Av er -
age val ues were cal cu lated for the 45–56 µm grain-size frac tion
for post-IR IRSL and 45–63 µm for OSL. The cos mic ra di a tion
dose (dc) to the sam pling site was cal cu lated ac cord ing to
Prescott and Hutton (1994). Dose rate (dr) is a sum of doses
from al pha, beta, gamma and cos mic ra di a tion (Appendicies 3
and 4).

Each sam ple was sieved to ob tain the 45–56 µm frac tion for
post-IR IRSL and 45–63 µm frac tion for OSL. In both cases,
grain frac tions were treated with 10% HCl for 24 hours. Af ter
each phase of treat ment, grains were washed with dis tilled wa -
ter sev eral times. Grains pre pared in such a way were dried at
50°C for 24 hours.

The OSL and post-IR IRSL mea sure ment cy cles and the re -
cord ing of glow curves (Fig. 5) were per formed us ing the RISO
TL/OSL DA-20 reader. For OSL mea sure ments, the reader was 
equipped with a fil ter U340, and the sam ple was stim u lated by
the blue LED (470 nm) de liv er ing ~60 mW/cm2 at the sam ple.
The sam ple was ir ra di ated us ing the beta 90Sr/90Y source. For
post-IR IRSL mea sure ments, the Schott BG-39 and Corn ing

7–59 fil ters (320–480 nm) were used. The sam ple was ir ra di -
ated us ing the IR LED (870 nm) de liv er ing 135 mW/cm2. In the
case of OSL method, the equiv a lent dose (de) was de ter mined
us ing the SAR pro ce dure (Murray and Wintle, 2000). The OSL
SAR pro to col, which was used in our mea sure ments, con tained 
the fol low ing steps:

1. Give dose, di,
2. Pre-heat 260°C for 10 sec,
3. Op ti cally stim u late for 100 sec at 125°C,
4. Give test dose dt,

5. Heat to 220°C for 0 sec,
6. Op ti cally stim u late for 100 sec at 125°C,
7. Re turn to 1.
The post-IR IRSL mea sure ments were con ducted ac cord -

ing to the SAR pro ce dure (Thom sen et al., 2008; Thiel et al.,
2011) con tain ing the fol low ing steps:

1. Give dose, di,
2. Pre-heat 320°C for 60 sec,
3. IRSL mea sure ment, 200 sec at 50°C,
4. IRSL mea sure ment, 200 sec at 290°C,
5. Give test dose dt,
6. Pre-heat 320°C for 60 sec,
7. IRSL mea sure ment, 200 sec at 50°C,
8. IRSL mea sure ment, 200 sec at 290°C,
9. IRSL mea sure ment, 200 s at 325°C,
10. Re turn to 1.

GDAÑSK LABORATORY

Sam ples of 600–800 g were dried in the lab o ra tory, put into
Marinelli beak ers, and placed in a pro tec tive cham ber of a
three-chan nel gamma-ray spec trom e ter of MAZAR-95 type
(pro duced by Polon IZOT Warszawa). The con cen tra tions of
Ra, Th and K iso topes were mea sured. Each sam ple was ana -
lysed 40 times in the spectometer, and each mea sure ment
lasted 2000 sec (Ap pen dix 5). The con cen tra tions of 226Ra,
228Th and 40K were con verted into dose rates – alfa (da), beta
(db) and gamma (dg) – us ing the con ver sion fac tors of Adamiec
and Aitken (1998). Av er age val ues were cal cu lated for the
80–100 µm grain-size frac tion. The cos mic ra di a tion dose (dc)
to the sam pling site was cal cu lated ac cord ing to Prescott and
Hutton (1994). Dose rate (dr) is a sum of doses from al pha,
beta, gamma and cos mic ra di a tion.

Each sam ple was sieved to ob tain the 80–100 µm frac tion.
It was treated with 10% HCl for 24 hours, and then with 2%
NaOH for 24 hours, and with 40% HF for 45 min utes (Bluszcz,
2000). Af ter each phase of treat ment, grains were washed with
dis tilled wa ter.

Af ter this prep a ra tion, the ma te rial was dried and di vided
into two por tions. The first one was used to mea sure the nat u ral
t-hermoluminescence (TLN). The re main ing por tion was op ti -
cally bleached by the ex po sure to UV light (NTL+UV) for ~12
hours un til the grains reached the so–called re sid ual
thermoluminescence. For this pur pose, the lamp Osram Ul -
tra-Vitalux 300 W was used.

Equiv a lent dose (de) was de ter mined by the re cord ing of
glow curves and mea sure ment of their peak heights oc cur ring
at 255–265°C. The TL glow curves were re corded us ing the
reader/analyser, model RA’94 (pro duced by Mikrolab Kraków)
equipped with a fil ter BG-28 (360–510 nm). Mul ti ple-aliquot re -
gen er a tive tech nique was used (Wintle and Prószyñska, 1983). 
For this pur pose, the bleached ma te rial was di vided into 5 equal 
por tions. The first por tion was used to mea sure the re sid ual
thermoluminescence, while the re main ing ones were ir ra di ated
us ing the Co-60 source (NTL+UV+g) at War saw Uni ver sity of
Life Sci ences. This ir ra di a tion aimed at re gen er a tion of the en -
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Fig. 4. Full dose re sponse curves for polymineral frac tion
(post-IR IRSL), along with a typ i cal de cay curve (in set)

 Re sponse curve ftted best to a dou ble sat u rat ing ex po nen tial
(sam ple W-12, Gliwice lab o ra tory)
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ergy ac quired pre vi ously by the ex am ined grains af ter bleach -
ing (val ues from 20 to 100 Gy for youn ger sam ples, and from 20 
to 300 Gy for older sam ples).

Five-mil li gram weighed sam ples were heated in ar gon at -
mo sphere to 400°C with the heat ing rate of 3°/sec (Fig. 6). For
each six-grain por tion (one – NTL, one – NTL+ UV, and four –
NTL+UV+g) sev eral glow curves were ob tained af ter pre-heat -
ing at 230°C for 60 s (Van den Haute et al., 2003). The un cer -
tainty of equiv a lent dose rate (de) de ter mi na tion was about
10%. Glow courves of all dates had a pla teau. For all sam ples,
the same area un der the tem per a ture of 240–320oC was used.

RESULTS AND DISCUSSION

The lu mi nes cence ages ob tained for the Volochysk pro file
are the re sult of inter-lab o ra tory re search con ducted in three
Pol ish lab o ra to ries and should be analysed on sev eral lev els.
We can only com pare the dat ing re sults ob tained for the same
ma te rial in the in di vid ual lab o ra to ries, as well as re late them to
the stra tig ra phy of the pro file based on its litho– and pedological 
di ver sity. It would be also in ter est ing to com pare the dat ing re -
sults of the Volochysk pro file with those ob tained for
stratigraphically sim i lar ho ri zons of loess pro files in ad ja cent re -
gions.

INTER-LABORATORY COMPARISON OF THE CONCENTRATIONS 
OF 226Ra (238U), 232Th and 40K ISOTOPES

Lu mi nes cence dat ing re sults ob tained for the same sam ple
in in di vid ual lab o ra to ries de pend on many vari ables. Ac cord ing
to the ac cepted pro ce dures, each of the three lab o ra to ries used 
a dif fer ent method of pre-treat ment of sam ples, equip ment, re -
agents, and mea sure ment method. For the Volochysk pro file,
five dif fer ent frac tions of quartz or polymineral grains were
dated, i.e. the 80–100 µm and 90–125 µm quartz grains, and

the 4–11 µm, 45–56 µm and 45–63 µm polymineral grains (Ap -
pen dix 1). Given the above data, it can be con cluded that one
can di rectly com pare only the con cen tra tions of U, Th and K ra -
dio iso topes, which are mea sured to de ter mine the dose rate.

Spec tro met ric mea sure ments of 226Ra (238U), 232Th and 40K
con cen tra tions were per formed in the Gliwice (Ap pen dix 2),
Lublin (Ap pen dix 4) and Gdañsk (Ap pen dix 5) lab o ra to ries. In
2014, the Lublin lab o ra tory dated the same ma te rial that was
pre vi ously ana lysed in the Gdañsk lab o ra tory in 2011. The
mea sure ments were per formed us ing the same type of
three-chan nel gamma-ray spec trom e ter (MAZAR-95). The
con cen tra tions of Ra, Th and K radionuclides, cal cu lated in both 
lab o ra to ries, are over whelm ingly con sis tent and are within the
lim its of un cer tainty. Dis crep an cies ap pear al most ex clu sively in 
the sam ples taken from the ice-wedge cast (sam ples from
W-15 to W-18; Appendicies 4 and 5). The Gliwice lab o ra tory,
equipped with the most mod ern mea sur ing de vice (high-res o lu -
tion gamma spec trom e ter with an HPGe de tec tor), ob tained the 
re sults with the small est un cer tainty (Ap pen dix 2). Inter-lab o ra -
tory (Gdañsk–Gliwice) com par i sons of the mea sure ment re -
sults of radionuclide con cen tra tions were al ready made for
loess de pos its a few years ago (Porêba and Fedorowicz, 2005).

The com par i son of con cen tra tions mea sured for 11 sam -
ples in three lab o ra to ries in di cates that the re sults ob tained for
Ra (= U in Gliwice) and Th are very con sis tent. The mea sured
con cen tra tions of K are higher in the Gliwice lab o ra tory and ex -
ceed the lim its of un cer tainty, also for the de pos its fill ing the
ice-wedge cast. Since the mea sured radionuclide con cen tra -
tions are the start ing point for the cal cu la tions of dose rate, the
above-escribed dif fer ences are cer tainly the rea son that the
dose rate value cal cu lated in the Gliwice lab o ra tory is higher
than those ob tained in the Lublin and Gdañsk lab o ra to ries.

How ever, tak ing into ac count the above-men tioned meth -
od olog i cal as sump tions of lu mi nes cence anal y ses, we find that
the com par i sons of dose rate val ues or equiv a lent dose val ues
are not jus ti fied.
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Fig. 5. An ex am ple of OSL shine-down curve for quartz (sam ple W-13, Lublin lab o ra tory)
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LUMINESCENCE AGES IN RELATION TO THE RESULTS 
OF GEOLOGICAL INVESTIGATIONS

Loess–soil se quence. The ob tained lu mi nes cence ages
were re lated to the re sults of lo cal geo log i cal in ves ti ga tions. The 
low est layer, which is ac ces si ble to re search in the pro file, is
~1 m thick car bon ate loess L2 con tain ing 75.6% of silt and 8.3% 
of sand (>63 [m). Its bot tom part is mas sive and con tains up to
15% of car bon ates (sam ple W-14), and its up per part (sam ples
W-13 and W-12) is char ac ter ized by a higher con tent of car bon -
ates (up to 20%) and the oc cur rence of nu mer ous bioturbation
forms (Fig. 3).

The dat ing re sults ob tained in the Gliwice lab o ra tory for the
4–11 [m polyminerals us ing the post0IR IRSL method (W-14:
97.0 ± 5.7 ky; W-12: 94.4 ± 5.6) and for the 90–125 [m quartz
grains us ing the SAR OSL method (W-14: 91.9 ± 7.5 ky; W-12:
84.9 ± 6.9 ky) were sim i lar to the re sults ob tained in the Lublin
lab o ra tory us ing the SAR OSL method (W-14: 85.0 ± 5.0 ky;
W-13: 85.7 ± 6.4 ky; W-12: 92.3 ± 6.2 ky). The same sam ples
were also dated us ing the post-IR IRSL method in Lublin (W-14: 
169 ± 12 ky; W-13: 166 ± 10 ky; W-12: 166 ± 15 ky), and us ing
the TL method in Gdañsk (W-14: 179 ± 25 ky; W-13: 167 ± 26
ky; W-12: 170 ± 28 ky). Un doubt edly, the re sults ob tained for
the fin est frac tions are un der es ti mated by ~80 ky (Fig. 6). Sim i -
lar un der es ti ma tion of the OSL ages was found ear lier for loess
L2 in other Ukrai nian pro files (£anczont et al., 2011; Fedorowicz 
et al., 2013; Gozhik et al., 2014), as well as in Ro ma nian
(Timár-Gabor et al., 2011), and Chi nese (Chapot et al., 2012)
pro files. This un der es ti ma tion re sulted from the fact that the de -
ter mined val ues of equiv a lent dose (de) were con sid er ably
lower than the ex pected val ues, even by ~150 Gy (Chapot et
al., 2012).

Soil S1 is the Horokhiv bi par tite pedocomplex (Fig. 2B, D
and F). Its older, Eemian (Horokhiv s.s.) part de vel oped dur ing
the substage 5e, and is rep re sented by ho ri zon B, which is com -

posed of clayey silt, and rich in the traces of pedofauna ac tiv ity.
The youn ger part of pedocomplex S1 is the Kolodiiv cher nozem 
(ter mi nol ogy af ter Bogucki and £anczont, 2002). This soil,
which de vel oped in the warmer phases of Early Vistulian (MIS
5c–5a), is also rich in the traces of pedofauna ac tiv ity, and dis -
turbed by solifluction. The whole pedocomplex is cut by quite
deep fis sures filled with hu mus and min eral ma te rial. Three
sam ples were taken from soil S1 for lu mi nes cence dat ing:
W-11, W-10 and W-9 (Figs. 2F and 6) – the low er most sam ple
rep re sents the Eemian Inter gla cial. In 2014, these three sam -
ples were dated in the Lublin lab o ra tory us ing the SAR OSL
method, and the ob tained re sults were con sid er ably dif fer ent
from each other (W-11: 81.7 ± 5.0 ky; W-10: 65.8 ± 3.5 ky; W-9:
57.9 ± 3.3 ky; Ap pen dix 4). In the Gliwice lab o ra tory, two frac -
tions (4–11 [m and 90–125 [m) sep a rated from two sam ples
(top and bot tom ones) were dated. The fol low ing re sults were
ob tained: for fine polyminerals – W-11: 82.5 ± 4.9 ky; W-9:
67.1 ± 4.1 ky, and for coarse quartz grains – W-11:
67.3 ± 5.7 ky; W-9; 54.9 ± 4.6 ky (Ap pen dix 2). The com par i son
of these dat ing re sults in di cates that, for the same sam ple, the
youn gest ages were ob tained for the coars est frac tion, and the
dif fer ence be tween the ex treme re sults was ~20 ky. More over,
all OSL dat ing re sults are un der es ti mated in re la tion to the stra -
tig ra phy of the pro file. Soil S1 is cor re lated with MIS 5 so it had
to de velop be tween 130 and 71 ky. The TL dat ing re sults
(W-11: 127 ± 18 ky; W-10: 109 ± 16 ky; W-9: 132 ± 20 ky) fall
into this time in ter val (Ap pen dix 5). These TL ages are in verted, 
but the dif fer ence be tween the old est and youn gest age is sim i -
lar (~20 ky). The post-IR IRSL dat ing re sults ob tained in Lublin
(Ap pen dix 3) are in strati graphic or der (W-11: 166 ± 9 ky, W-10:
124 ± 11 ky; W-9: 110 ± 9 ky). The age of the bot tom sam ple
(W-11) is cer tainly over es ti mated; the other two re sults fall into
the ex pected time in ter val.
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Fig. 6. Volochysk pro file – li thol ogy, stra tig ra phy and list of lu mi nes cence dat ing re sults
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Eight lu mi nes cence dat ing re sults were ob tained for ~2 m
thick loess L1, which was ac cu mu lated in the pe riod from 71 to
14 ky (MIS 4–MIS 2). The loess layer has var ied li thol ogy and
nu mer ous traces of cryo tur ba tion and solifluction. It con tains
the Dubno pedocomplex (well-de vel oped, bi par tite, interstadial
soil), and the Krasyliv ho ri zon (fos sil ac tive layer of per ma frost,
com posed of sandy silt and en riched in sec ond ary car bon ates).

The bot tom sam ple (W-8) of loess L1 was col lected near its
con tact with soil S1. This sam ple was dated at 55.0 ± 3.2 ky
(4–11 [m), 53.0 ± 2.7 ky (45–63 [m), 84.9 ± 1.2 ky (45–56 [m),
and 85.8 ± 9.6 ky (80–100 [m). The first two re sults seem to be
slightly un der es ti mated, and the other two – over es ti mated.
These dis crep an cies can be ex plained by the in flu ence of cryo -
tur ba tion and by the fact that the sam pled loess layer may con -
tain an ad mix ture of older grains from the un der ly ing soil S1.
Sam ple W-7 was taken from thin (0.2 m), but ho mo ge neous,
fawn loess un der ly ing the Dubno pedocomplex. This sam ple
was dated in Gliwice at 38.4 ± 2.4 ky (4–11 [m) and
38.8 ± 3.4 ky (90–125 [m), in Lublin at 44.2 ± 2.9 ky (45–63 [m) 
and 84.9 ± 1.2 ky (45–56 [m), and in Gdañsk at 43.9 ± 5.9 ky.
All these re sults (ex cept for the age ob tained in Lublin for
44–56 [m) are con sis tent and con firm ho mo ge ne ity of this thin
layer.

Sam ples W-6 and W-5 were taken from the Dubno unit. The 
fin est frac tion was not dated. The ages ob tained for the
45–63 [m grain size were 41.3 ± 2.1 ky and 19.0 ± 2.1 ky, for
45–56 [m – 63.9 ± 4.2 ky and 29.9 ± 1.9 ky, for 80–100 [m –
42.8 ± 6.3 ky and 24.3 ± 3.8 ky, for 90–125 [m – 24.0 ± 1.6 ky
and 23.0 ± 1.5 ky for sam ples W-6 and W-5, re spec tively.
These re sults, ex cept for the 90–125 [m, re veal dis tinct age di -
ver sity be tween the lower and up per parts of the Dubno
pedocomplex, which in di cates that they de vel oped in sep a rate
time in ter vals.

All dat ing re sults ob tained for sam ple W-5 in di cate that the
age of sam ples col lected from the over ly ing lay ers should be
~20 ky or youn ger. This con clu sion is con firmed by the re sults
ob tained for the 45–56 [m, 80–100 [m and 90–125 [m (ex cept 
for the over es ti mated age of sam ple W-4), while the re sults ob -
tained for the 45–56 [m (sam ples from W-4 to W-1) us ing the
post–IR IRSL method in Lublin are con sid er ably over es ti mated. 

Loess of the Krasyliv ho ri zon was ac cu mu lated sev eral thou -
sand years ago (age of sam ple W-1).

Ice-wedge cast. The con tem po rary ob ser va tions of
ice-wedges in north east ern Si be ria (where the ice-wedge width
is 2–3 m, and the dis tance be tween them 10–12 m) in di cate that 
they are formed un der harsh cli ma tic Arc tic con di tions and com -
posed mainly of win ter pre cip i ta tion. The pre cip i ta tion fallen in
win ter en ters the ice-wedges as melt wa ter in spring, and freeze 
(Gilichinsky et al., 2007).

In the Volochysk pro file, cryo genic pro cesses left a fos sil
sys tem of epigenetic ice-wedges, which be come nar row down -
wards (the wall prob a bly in ter sects obliquely this struc ture). At a 
depth of 1 m, the wedge is 1 m wide, at 2.2 m – only 0.2 m, and
fur ther to a depth of 4 m, it is a nar row and long fis sure (Fig. 7).
The con tact be tween the ice-wedge cast and the lay ers it cuts is 
sharp, with vis i ble mi cro-faults. Just be low the top of ice-wedge
cast, the sur round ing ma te rial of ho ri zon A of the Horokhiv soil
is de formed and curved up wards. Ho ri zon B is less curved, but
its de for ma tions are also clearly vis i ble near the fis sure. This in -
di cates that the stud ied struc ture was formed un der ac tive frost
con di tions, and the lay ers ad ja cent to the ice-wedge were
squeezed (Jahn, 1977). The ice-wedge cast is filled with loess
ma te rial, ho mo ge neous, gleyed, en riched with iron com pounds, 
me dium com pact, strongly car bon ate, with car bon ate con cre -
tions. In the bot tom part, at a depth of 3.5–4 m (sam ples W-17
and W-18), the ma te rial is hor i zon tally lam i nated, which is ac -
cen tu ated by hor i zon tal small fis sures en crusted with car bon -
ates. In the higher parts of the ice-wedge cast the ma te rial is ori -
ented par al lel to the walls of the form, and in its cen tral part –
obliquely and ver ti cally.

Four sam ples in a ver ti cal se ries were taken at 0.5 m in ter -
vals from the ma te rial fill ing the ice-wedge cast, and in to tal 15
dat ing re sults were ob tained for them. The lu mi nes cence ages
de crease with depth so they are in verted. Ex cept for the TL
dates from Gdañsk and OSL dates from Gliwice (90–125 [m
frac tion), the re sults show a sim i lar time span (~3 ky) be tween
sam ples W-15 and W-18. The TL and post-IR IRSL dat ing re -
sults are older than the rest. The post-IR IRSL ages ob tained for 
the 4–11 [m (Gliwice) and 45–63 [m (Lublin) frac tions are sim i -
lar. For sam ple W-15, they are 21.7 ± 1.3 ky and 19.6 ± 1.0 ky,
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and for sam ple W-18 – 18.7 ± 1.2 ky and 16.1 ± 0.9 ky, re spec -
tively (Fig. 8). The youn gest age (13.9 ky) was ob tained for the
in fill ing ma te rial taken from a depth of 4 m (90–125 [m;
Gliwice).

Rea sons for the dis crep an cies in dat ing re sults ob tained for
the sam ples taken from the ice-wedge cast can be seen in a
prob a ble het er o ge ne ity of loess ma te rial. The width and length
of the ice-wedge cast were known only in one plane, which
prob a bly in ter sected obliquely the struc ture. There fore, its third
di men sion could not be de ter mined. This pa ram e ter was prob a -
bly vary ing spa tially so the ma te rial col lected in the probes
could have been dif fer ent.

AN ATTEMPT TO COMPARE THE LUMINESCENCE DATING RESULTS 
OF LOESS DEPOSITS FROM THE VOLOCHYSK, KORSHIV 

AND BOYANYCHI PROFILES

Volochysk and Korshiv pro files. The Volochysk and
Korshiv (N part of the Volhynian Up land) pro files are sit u ated
~140 km apart. A sig nif i cant num ber of lu mi nes cence dat ing re -
sults (82) were ob tained for the Korshiv pro file, which in cludes a 
se quence of loess lay ers and palaeosols cor re lated with
MIS 7–MIS 2 (Fedorowicz et al., 2013). The com par i son of
loess and soil units and lu mi nes cence ages can be car ried out
only for the de posit se quences cor re spond ing to the time in ter -
val from MIS 6 to MIS 2, which were in ves ti gated in both pro files 
(Fig. 8).

The sam ples from the Korshiv pro file were dated in three
lab o ra to ries us ing the fol low ing meth ods and frac tions: Gdañsk
– TL (80–100 [m quartz grains), Lublin – OSL (45–56 [m
polyminerals), Gliwice – SAR OSL (90–125 [m polyminerals).

Loess L2 in the Korshiv pro file was dated at 166 ± 20 ky to
132 ± 16 ky in the Gdañsk lab o ra tory. Sim i lar re sults were ob -
tained in the Lublin lab o ra tory (164 ± 34 ky to 149 ± 48 ky). The
re sults from the Gliwice lab o ra tory fall into the time in ter val from
104.5 ± 4.6 ky to 95.9 ± 4.3 ky (Fedorowicz et al., 2013).

The Horokhiv pedocomplex (MIS 5) is de vel oped in the
Korshiv site as the 1.5 m thick set of lessivé and cher nozem
soils. All the TL dat ing re sults ob tained for this pedocomplex
were older than the OSL ones, and they are char ac ter ized by
age in ver sion (Fedorowicz et al., 2013). The be gin ning of the
Horokhiv peodocomplex de vel op ment is in di cated by the fol -
low ing OSL ages: 81.7 ± 5.0 ky, 67.3 ± 5.7 ky, 82.5 ± ka
(Volochysk pro file), and 116.4 ± 4.4 ky (Korshiv pro file). The
end of this pedogenesis is in di cated by the fol low ing OSL dat ing 
re sults: 57.9 ± 3.3 ky, 56.4 ± 4.6 ky, 67.0 ± 4.1 ky (Volochysk),
and 53.0 ± 2.3 ky (Korshiv). The TL ages of the bot tom of the
pedocomplex are as fol lows: 127 ± 18 ky, 109 ± 6 ky
(Volochysk), and 95.5 ± 14 ky, 151 ± 42 ky (Korshiv)
(Fedorowicz et al., 2013). The fol low ing TL ages were ob tained
for the top of the pedocomplex: 132 ± 20 ky, 86.0 ± 4.5 ky
(Volochysk), and 68.9 ± 9.3 ky, 76.3 ± 9.2 ky (Korshiv). It can be
con sid ered that the data sets ob tained for both pro files are gen -
er ally sim i lar. The vast ma jor ity of the dat ing re sults are within
the time in ter val 130–70 ky. The OSL ages are dis tinctly un der -
es ti mated. How ever, the pe riod of the Horokhiv pedocomplex
for ma tion is well in di cated by the dif fer ence be tween the re sults
ob tained for the un der ly ing and over ly ing loess, which is ~70 ky.

Loess L1 is 9 m thick in the Korshiv pro file and con tains
three ho ri zons of interstadial or interphase rank (Dubno, Rivne
and Krasyliv). The bot tom of loess L1 was OSL dated at
53.9 ± 2.7 ky and 55.0 ± 3.2 ky (Volochysk), and 38.9 ± 1.7 ky
(Korshiv) (Fedorowicz et al., 2013), while the TL ages ob tained
for the same unit are 85.8 ± 9.6 ky (Volochysk), and
68.9 ± 9.3 ky and 76.3 ± 9.2 (Korshiv). There fore, most OSL
dat ing re sults are un der es ti mated, and most TL ones are over -
es ti mated with re spect to the ex pected ages. In both pro files,

the bot tom and top of the Dubno unit were dated. In the
Volochysk pro file, the dat ing re sults ob tained for the bot tom and 
top dif fer sig nif i cantly. Thus, it can be as sumed that the soil was 
formed in two stages: older ~40 ky, and youn ger ~25 ky. The TL 
ages ob tained for the Korshiv pro file in di cate that the soil de vel -
oped in one stage ~40 ky. In both pro files, the age of the Dubno
soil very well cor re sponds to the time in ter val of MIS 3.

In the Korshiv pro file, the top of loess L1 was dated at
~14 ky, while in the Volochysk pro file the dat ing re sults ob tained 
for the up per most sam ple (ex cept for the OSL age from the
Lublin lab o ra tory) are con sid er ably older. It is prob a ble that the
youn gest loess in the Volochysk site has been pre served only
in the bot tom part of the ice-wedge cast.

Volochysk and Boyanychi pro files. The Volochysk and
Boyanychi (NW part of the Volhynian Up land) sites are sit u ated
180 km apart (Fig. 1B). In the Boyanychi site, two pro files ex -
posed in the brickyard were in ves ti gated in 2007 and 2009. The
pro file stud ied in 2007 was dated in Gdañsk (Fedorowicz et al.,
2008), and that in ves ti gated in 2009 – in Lublin (Kusiak et al.,
2012). In both lab o ra to ries, the same types and size of min eral
grains were used as in the case of the Korshiv pro file. In to tal,
34 TL dat ing re sults were ob tained. The bot tom part of the older 
Korshiv soil was dated at 242 ± 30 ky (Gdañsk) and 268 ± 62 ky
(Lublin). The top sam ple of loess L2 was dated at 143,2 ± 15 ky
(Gdañsk) and 145 ± 19 ky (Lublin). The TL dat ing re sults ob -
tained for loess L2 in the Volochysk and Boyanychi pro files fall
into the same time in ter val.

The TL dat ing re sults ob tained for pedocomplex S1 in the
Boyanychi site were from 126.8 ± 14.2 ky to 74.7 ± 7.9 ky
(Gdañsk) and from 135 ± 16 ky to 101 ± 13 ky (Lublin), while the 
TL ages of pedocomplex S1 in the Volochysk pro file fall into the
time in ter val from 127 ± 18 to 85.8 ± 9.6 ky (Fig. 8).

The best ma te rial for com par i son of dat ing re sults ob tained
for the Volochysk and Boyanychi pro files is loess L1 (Fig. 8). In
loess de pos its of the Boyanychi pro file, like in the Korshiv pro file,
the fol low ing three units were dis tin guished: Dubno, Rivne and
Krasyliv. One sam ple taken in 2009 from the Dubno unit was TL
dated at 45 ± 5.4 ky, and the sam ples taken from the un der ly ing
and over ly ing loess – at 55.3 ± 6.6 ky and 23.1 ± 2.8 ky, re spec -
tively. In 2007 the Dubno unit was not dated, but the over ly ing
loess was dated at 49.9 ± 5.0 ky in Gdañsk. The TL dat ing re sults 
ob tained for the Dubno soil from both Boyanychi pro files are sim -
i lar and fall into the time in ter val when the Glinde interstadial soil
de vel oped in West ern Eu rope, i.e. from 51 to 44 ky (Frechen et
al., 2001). Nine TL dat ing re sults, ob tained for the de pos its over -
ly ing the Dubno unit in the Boyanychi pro file (2007), fall into the
time in ter val from 23 ky to 16 ky (Kusiak et al., 2012). Sim i lar re -
sults were ob tained for the Volochysk pro file.

PALAEOGEOGRAPHIC INFERENCE

The key to ex plain palaeoclimate prob lems are loess de -
pos its, which are good ma te rial for lu mi nes cence dat ing, es pe -
cially those with stratigraphically di verse and con tin u ous ver ti -
cal pro file. Good ex am ples of such ap pli ca tion are the in ves ti -
ga tions con ducted in sev eral loess sites in West ern and Cen tral 
Eu rope (e.g., Antoine et al., 2001, 2009, 2013; Van den Haute
et al., 2003; Moska et al., 2011, 2012, 2014; Moska and
Bluszcz, 2013; Constantin et al., 2014). Inter-lab o ra tory re -
search ex per i ments, aimed at find ing the best meth ods of lu mi -
nes cence dat ing of loess, are less com mon. Such in ves ti ga -
tions were car ried out for Bel gian, Hun gar ian, Pol ish, Ukrai nian
and Czech loess de pos its (e.g., Frechen et al., 1997, 1999,
2001; Bokhorst et al., 2011; Moska and Bluszcz 2013;
Fedorowicz et al., 2013; Gozhik et al., 2014).
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Anal y sis of all the dat ing re sults of the Volochysk pro file
shows that age in ver sion oc curs only in sev eral cases. Most of
the lu mi nes cence ages ob tained in each of the lab o ra to ries in -
crease with depth. It is note wor thy that the TL ages of most
sam ples are older than the OSL ones, ir re spec tive of the size
and type of dated grains. More over, in the whole ana lysed pro -
file, the TL ages fall into the time in ter val of MIS 6–MIS 2, i.e.
from ~180 ky to a dozen ky, while the OSL ages usu ally do not
ex ceed 100 ky. How ever, un der es ti ma tion of the OSL ages oc -
curs only for the old est sam ples – loess L2 and soil S1. In the
Gliwice lab o ra tory, the re place ment of the 90–125 [m frac tion
with the 4–11 [m one and the SAR OSL with post-IR IRSL re -
sulted in an in crease of the ob tained lu mi nes cence ages even
by over 20% (Ap pen dix 2), but the ex pected age (based on geo -
log i cal ev i dences) was not reached. The rea sons for this have
not been fully ex plained yet.

Age un der es ti ma tion may be dif fer ent. For ex am ple, in the
Chi nese Loess Pla teau, the age of the fin est frac tion was un -
der es ti mated for the sam ples older than 70 ky (cor re spond ing
to de ~230 Gy), and the sam ples with the ex pected age of
780 ky (at the B/M bound ary) were dated at 107 ky, which cor re -
sponds to de = 403 Gy (Lai and Fan, 2014). It was found that
growth curves above 200 Gy are not lin ear and the sig nal for
quartz is not sta ble. “The re sults show that, for the loess sam -
ples ex am ined, quartz OSL does not fade an oma lously, and the 
bar rier age of ~100 ky is due to the fact that the OSL sig nals are
less ther mally sta ble, the life time of 0.311 Ma at 20°C” (Lai and
Fan, 2014).

An other ex am ple of a sim i lar prob lem is the OSL dat ing of
loess de pos its cor re lated with MIS 5 from the Dobrogea pro file
(Ro ma nia). The dat ing re sults ob tained for the 63–90 [m
grain–size were older, even by 50%, from those ob tained for the 
4–11 [m and 45–63 [m grain-size, which were sim i lar
(Timár-Gabor et al., 2011).

Sim i lar prob lems in ex plain ing the un der es ti ma tion of older
dat ing re sults were also men tioned by the re search ers who
dated sam ples of de pos its other than loess. The SAR dat ing re -
sults ob tained for fine frac tions of the Eemian and older de pos -
its from the Azzano Decimo site (north east ern It aly) were also
un der es ti mated. The au thors stressed that the val ues of de for
all dat ing re sults ob tained in the pro file were within the lin ear
part of growth curve. They were not able to give any rea sons for
this phe nom e non (Lowick et al., 2010).

A dat ing ex per i ment was con ducted us ing sam ples of gla -
cial de pos its (cor re lated with MIS 5 and MIS 6) from Arc tic Eur -
asia (Murray et al., 2007). The ages ob tained by the SAR
method were un der es ti mated by ~14% in re la tion to the ex -
pected ones. The same sam ples were then dated us ing the sin -
gle aliquot re gen er a tion and added (SARA) method. From a
tech ni cal point of view, this method cor rects any change in sen -
si tiv ity, in con trast to the SAR method. The ob tained SARA
ages were older by 10–50% than the SAR ages, and con firmed
the ex pected geo log i cal age of de pos its. The sam ples, which
were dated at 100 ky by the SAR method, reached even 150 ky
when the SARA method was used, and thus they cor re sponded 
well to MIS 6 (Murray et al., 2007). The au thors sug gest that the
prob lem of un der es ti ma tion of lu mi nes cence ages can be
solved by means of lab o ra tory tests on the in crease of quartz
grain sen si tiv ity. It seems that the SARA method (Murray et al.,
2007) gives the op por tu nity to cor rect dat ing of the de pos its cor -
re lated with MIS 5 and MIS 6.

From a palaeogeographic point of view, es pe cially im por -
tant dat ing re sults were ob tained for the Dubno pedocomplex
from the Volochysk pro file. The Dubno unit de vel oped dur ing
the pe riod cor re spond ing to MIS 3 (57–29 ky), which was char -
ac ter ized by un sta ble cli ma tic con di tions with fre quent tem per a -
ture and hu mid ity fluc tu a tions (Barron and Pol lard, 2002; Van
Andel, 2002; Alfano et al., 2003). Most dat ing re sults ob tained

for this pedocomplex fall within the men tioned time in ter val. The 
dif fer ence be tween the ex treme re sults is ~20 ky, i.e. much
more than the un cer tainty val ues, which con firms that the
Dubno unit is bi par tite in this site. Based on the lu mi nes cence
dat ing re sults, it was found that the Dubno unit in other pro files
of west ern Ukraine rep re sents dif fer ent parts of that long pe riod
(Nawrocki et al., 2003; Kusiak et al., 2012; Fedorowicz et al.,
2013; Gozhik et al., 2014) – youn ger (Boyanychi in Volhynia),
mid dle (Korshiv in Volhynia), older (Torchyn in Volhynia) – or
the whole MIS 3 (Rivne in Volhynia; Maksymivka in the mid dle
Dnie per River val ley).

The prob lem of age and de vel op ment of this soil unit is
com plex also in the case of loess de pos its oc cur ring in the rest
of Eu rope. Soils cor re spond ing to MIS 3 were dated in many
other loess pro files, e.g. in Po land – Bia³y Koœció³ (Moska et al.,
2011, 2012), Dybawka (Fedorowicz, 2006; Kusiak and
£anczont, 2013), Jaksice (Wilczyñski et al., 2015; £anczont and 
Mroczek, 2015); Kraków Spadzista (£anczont et al., 2015a, b,
c), Wilczyce (£anczont et al., 2014) and Z³ota (Moska et al.,
2014, 2015). A sim i lar pedocomplex (Nussloch pro file) in
Lohner Boden (Ger many) was ra dio car bon dated at 30.5 ± 0.7
cal. ky BP (Antoine et al., 2001, 2009). Soil PKI in Bo he mia was
TL and IRSL dated at 30–36 ky and 40 ky (Frechen et al.,
1999), and in Moravia (in the Red Hill site) it was OSL dated at
30.9–58.7 ky (Kis, 2012). In the Rus sian loess, there are sev -
eral soils re lated to MIS 3 (Guide book…, 2013; Sycheva and
Khokhlova, 2016).

The set of the youn gest lu mi nes cence dat ing re sults ob -
tained for the Volochysk site gave a so lu tion to the prob lem
con cern ing the age of the youn gest de pos its (Fig. 8), i.e. loess
(sam ple W-2) and the Krasyliv ho ri zon (sam ple W-1). The
post-IR IRSL age ob tained in Lublin (29.0 ± 2.0 ky) is over es ti -
mated and con sid er ably older that the TL (18.6 ± 2.0 ky;
Gdañsk) and OSL (15.9 ± 1.0 ky; Lublin) ages. The men tioned
dat ing re sults are also older than the lu mi nes cence ages of the
cor re spond ing ho ri zons in the Volhynian pro files: Boyanychi
–15 ky (TL, Lublin) (Kusiak et al., 2012) and Korshiv –
14.2–15.3 ky (TL, Gdañsk), and even 14.0 ky (OSL, Gliwice)
(Fedorowicz et al., 2013). These re sults al low the con clu sion
that the high est part of the loess cover in the Volochysk site has
been prob a bly eroded. How ever, we think that the lu mi nes -
cence dat ing re sults ob tained for loess ma te rial fill ing the stud -
ied ice-wedge cast make a sig nif i cant con tri bu tion to the dis cus -
sion on the age of the youn gest loess de pos ited in the
Volochysk en vi rons, and help to ex plain the in con sis tency with
the re sults from the Volhynian pro files. They also in flu ence our
con clu sions about a com plex way, in which the ice of the wedge 
has been re placed by min eral ma te rial. Based on the in ver sion
of all ob tained dates and hor i zon tal lam i na tion in the bot tom
part of the in fill ing, we may con clude that the deg ra da tion of
ice-wedges started prob a bly not with ice melt ing but at least
par tially with ice sub li ma tion. A sim i lar pro cess was ob served
by A. Bogucki in the 1960s and 1970s in north west ern Si be ria,
char ac ter ized by very low tem per a ture, thin snow cover, and
great arid ity. The age of the sam ple from the deep est part of the 
wedge seems to in di cate that at first it was be ing filled with ae -
olian ma te rial. How ever, among five dates ob tained for this
sam ple, three are un re li able and in di cate too old age
(26–18.7 ky). The other three dates (be tween 13.9 and 16.1 ky)
much better cor re spond to the above–men tioned dat ing re sults
ob tained for the Krasyliv ho ri zon in the Volhynian and Podolian
loesses, and are within the GS2a on the GICC05 timescale
(Björck et al., 1988; Andersen et al., 2006). They in di cate that
the last stage of loess ac cu mu la tion in the Podolian Up land
prob a bly cor re sponds to the youn ger part of the last gla cial
max i mum, and to the youn gest phase of the Scan di na vian
ice-sheet re treat in Cen tral Eu rope – from land to the Bal tic de -
pres sion area (Marks, 2012). This pe riod cor re sponds to the
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Hein rich event of H1, the age of which is de ter mined at ~16.8 ky 
BP (Hem ming, 2004) and ~14 ky BP (Vidal et al., 1999). This
prob lem cer tainly needs fur ther study.

The next stages of ice-wedge deg ra da tion were char ac ter -
ized by ice melt ing. The ice was re placed by min eral ma te rial
com ing un doubt edly for the de pos its cut by the wedge, and
trans ported from its im me di ate sur round ings, most prob a bly
due to flow ing and creep ing of un frozen ma te rial dur ing per ma -
frost deg ra da tion. The fact that lu mi nes cence ages ob tained for 
this ma te rial are in verted seems to con firm such pro cess.

A suc cess ful at tempt at dat ing of de pos its from ice-wedge
casts has been re cently made by Remillard et al. (2015). They
stud ied ice-wedge casts formed in the area aban doned by an
ice sheet in the Magdalen Is lands (East ern Can ada). Sam ples
for lu mi nes cence dat ing were taken from four wedges. The ob -
tained OSL dat ing re sults range from 9.8 ± 0.7 ky to
12.8 ± 0.9 ky, which in di cates the Youn ger Dryas as the pe riod
of de vel op ment of those struc tures. These re sults con firm that
the de pos its fill ing ice-wedge casts are suit able for lu mi nes -
cence dat ing.

A sig nif i cant con tri bu tion to the dis cus sion on the prob lems
with in ter pre ta tion of lu mi nes cence age of loess de pos its ac cu -
mu lated in MIS 2 was pro vided by Stevens et al. (2007) who
ana lysed the TL dat ing re sults from the years 1980–2006 and
the OSL dat ing re sults from the years 1990–2006, ob tained for
loess sam ples, us ing dif fer ent meth ods and dif fer ent frac tions,
es pe cially the 4–11 [m polyminerals. The sam ples were taken
at sev eral sites of the Chi nese Loess Pla teau, from loess ac cu -
mu lated at the bound ary be tween MIS 3 and MIS 2. The study
area was de scribed as a place of con tin u ous de po si tion, so a
uni form set of dat ing re sults fall ing within a short time in ter val
should be ex pected. The au thors stress that the TL ages were
gen er ally older than the OSL ones, and the lat ter were not uni -
form; the time in ter val in par tic u lar sites var ied from 0.2 to
109 ky. This fact shows that the prob lem of in ter pre ta tion of lu -
mi nes cence dat ing re sults is still far from be ing solved.

CONCLUSIONS

The Volochysk site, like the Boyanychi (Kusiak et al., 2012), 
Maximivka (Gozhik et al., 2014), Korshiv (Fedorowicz et al.,
2013), Rivne and Torchyn (Nawrocki et al., 2003) sites, be longs 
to the Ukrai nian loess–soil pro files, rep re sen ta tive for this part
of Eu rope, with the most com plete set of lu mi nes cence dat ing
re sults show ing the age of dis tin guished units.

None of the lu mi nes cence meth ods and tech niques used
for the dat ing of sam ples taken from the Volochysk pro file gave
the re sults cor re spond ing well to all time in ter vals of ma rine iso -
tope stages. In this re spect, the dat ing re sults ob tained for the
youn gest loess L1 (ac cu mu lated in the pe riod from MIS 4 to
MIS 2) are the best, as they are com pa ra ble to each other ir re -
spec tive of the method used.

So far, the Pol ish lab o ra to ries in di vid u ally se lected grain
type and size for dat ing. This work on the dat ing of the sam ples

from the Volochysk pro file in di cated the need to make changes
and re place coarse grain with me dium or fine grain. Such a re -
place ment has been al ready made in the Gliwice lab o ra tory
where the fin est polyminerals are dated. This change has
brought good re sults, i.e. the ob tained lu mi nes cence ages are
older, es pe cially those of older de pos its (in it S1 and L2). The
coars est grains (>80 [m) are pres ent in loess in small quan ti -
ties. It is also pos si ble that they were trans ported be fore de po si -
tion over short dis tances, so they were ex posed to sun light for a
shorter time than the finer grains. How ever, it is not a rule that,
as in the Gliwice lab o ra tory, the age ob tained for finer grains
(e.g., 4–11 µm) is older than that ob tained for coarser grains
(e.g., 90–125 µm).

The au thors con firm the opin ion that the grain-size frac tion
se lected for dat ing should be dom i nant and most rep re sen ta tive 
of the whole sam ple (Fedorowicz and Gaigalas, 2010). They
sug gest iden ti fy ing, based on granulometric anal y sis, the dom i -
nant grain size in a sam ple be fore the start of dat ing pro ce dure.

The OSL dat ing re sults ob tained for older de pos its (MIS 5
and MIS 6) are un der es ti mated ir re spec tive of the used method
(post-IR IRSL or SAR OSL), type (quartz, polymineral) and size
of grains. Nu mer ous at tempts were made to ex plain this phe -
nom e non (among oth ers, Timár-Gabor et al., 2011; Chapot et
al., 2012), which, how ever, gave no an swers. It was only found
that this un der es ti ma tion cor re sponded to the equiv a lent dose
value of about 150 Gy.

This work in di cates that fur ther re search is nec es sary to im -
prove the meth ods of lu mi nes cence dat ing of the de pos its older
than sev eral tens of thou sands years, so that the dat ing re sults
could be help ful in solv ing chronostratigraphic prob lems. For
this pur pose, such dis crep an cies in dat ing re sults as those de -
scribed in this pa per should be ex cluded. We have no doubt
that in the case of loess de pos its with fine grains pre dom i nant
(from 4–11 [m to max. 63 [m) the dat ing pro ce dure re quires
fur ther meth od olog i cal work. As loess is com posed mostly of
quartz, this work should con cern the in crease of quartz grain
sen si tiv ity. Does the SARA method give such op por tu ni ties? It
is worth while to try this method on the sam ples of loess older
than MIS 5, taken from thick and ho mo ge neous lay ers with def i -
nite strati graphic po si tions.
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