
Geo log i cal Quar terly, 2002, 46 (4): 363–374

The last Mid dle Pleis to cene inter gla cial in Lith u a nia: in sights from ESR-dating 
of de pos its at Valakampiai, and from strati graphic and palaeoenvironmental data

Anatoly MOLODKOV, Nataliya BOLIKHOVSKAYA and Algirdas GAIGALAS

Molodkov A., Bolikhovskaya N. and  Gaigalas A. (2002) — The last Mid dle Pleis to cene inter gla cial in Lith u a nia: in sights from
ESR-dating of de pos its at Valakampiai, and from strati graphic and palaeoenvironmental data. Geol. Quart., 46 (4): 363–374.

The pen ul ti mate (SnaigupÅlÅ, ox y gen iso tope stage (OIS) 7) inter gla cial has proved con tro ver sial in Lith u a nia be cause of palynological
sim i lar i ties be tween Holsteinian, SnaigupÅlÅ and Eemian inter gla cial de pos its in the Lith u a nian ter res trial re cord. Fur ther more, no warm
inter gla cial pe riod has been re cog nised be tween the Holsteinian (OIS 11) and Eemian (OIS 5) in the neigh bour ing Bal tic coun tries, Es to -
nia and Lat via. In this study, we pro vide elec tron spin res o nance (ESR) dates of two fresh wa ter mol lusc shell sam ples col lected from lac -
us trine sed i ments at the Valakampiai site which are thought to be SnaigupÅlÅ in age. Shells ana lysed gave mu tu ally con sis tent dates of
116.0 ± 10.8 and 110.0 ± 12.1 ka with an av er age age of about 113.3 ka. These dates are thus  sig nif i cantly youn ger than OIS 7, and more
closely cor re spond to OIS 5 (Eemian). The pos si ble oc cur rence of this late Mid dle Pleis to cene OIS 7  inter gla cial ep i sode in Lith u a nia
and other Bal tic coun tries is eval u ated with ref er ence to the near est and most com plete long ter res trial se quences from the cen tral and
south east ern parts of the East-European Plain.
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INTRODUCTION

The last third of the Brunhes ep och (ca. 300 ka) is char ac -
ter ised by con sid er able cli mate changes. Con tin u ous re cords of 
these changes can be used for palaeogeographic re con struc -
tions and cor re la tions. Ac cord ing to our data (Gaigalas and
KondratienÅ, 1976; Gaigalas, 1987, 1994, 1995; Boli -
khovskaya, 1995; Molodkov and Bolikhovskaya, 2002) and
also the palaeoclimatic proxy re cord stored in deep-sea (e.g.
Shackle ton and Opdyke, 1973, 1976; Shackle ton, 1987;
Bassinot et al., 1994; Pi erre et al., 1999) and ter res trial
(Woillard, 1978; Wijmstra and Groenhart, 1983; Guiot et al.,
1992; Tzedakis, 1993, 1994;  De Beaulieu et al., 1994;
Tzedakis et al., 2001) de pos its, these changes in clude cold
events (stadials), warm events (interstadials) and the be gin ning
and end of two long and well-studied cold pe ri ods known in
Lith u a nia as the Medininkai (Dnie per/Moscovian, Saale) and
Nemunas (Valdai, Weichselian) glacials and at least one warm
phase such as the MerkinÅ (Mikulinian, Eemian) Inter gla cial.
De tailed anal y sis of all avail able palaeoclimatic and

palaeoenvironmental re cords hints, how ever, at a more com -
plex palaeoenvironmental his tory of the last Mid dle Pleis to -
cene (Saalian) gla cial. For in stance, in the cen tral part of the
East-European Plain this long cold pe riod was in ter rupted at
least once, dur ing ox y gen iso tope stage 7, when a sig nif i cant
warm ing of inter gla cial rank oc curred. Fur ther more, up to three 
ad di tional interstadials can be dis tin guished within OIS 6 dur -
ing the Dnie per (Saale 2, 3 af ter Bowen et al., 1986) Gla ci ation
(Bolikhovskaya, 1995). At the same time, no traces of this
warm inter gla cial pe riod had been found north ward, in the two
other Bal tic coun tries — Es to nia and Lat via. Con se quently, no
units cor re spond ing to warm inter gla cial events oc cur be tween
the Karuküla (Holsteinian) and Prangli/Rángu (Eemian)
interglacials in the strati graphi cal di vi sion of the Es to nian
Pleis to cene (Raukas and Kajak, 1995). The same sit u a tion is
ob served when con sid er ing the strati graphi cal scheme of Lat -
via (Latvijas stratigrafijas..., 1994) where be tween Pulvernieki
(Holsteinian) and Felicianova (Eemian) only a unit cor re -
spond ing to the Kurzeme (Saalian) Gla ci ation is marked. 

The Lith u a nian Qua ter nary strati graphic scheme dif fers es sen -
tially from those of Es to nia and Lat via. In many sec tions in Lith u -



a nia, be tween the ButÅnai (Holsteinian) and MerkinÅ (Eemian)
interglacials, one more palaeoclimatic event of inter gla cial rank,
SnaigupÅlÅ (Drenthe/Warthe, af ter Bowen et al., 1986) Inter gla -
cial is re cog nised, cor re spond ing to ox y gen iso tope stage 7. The
ap par ent dis crep ancy be tween the above- mentioned strati graphic
schemes can be ex plained ei ther by the ab sence of this event in the
late Mid dle Pleis to cene his tory of Es to nia and Lat via, or by a lack
of rec og ni tion, to date, of this event in these two Bal tic coun tries.
This is en tirely pos si ble, given the much better pres er va tion of the
Qua ter nary cover in Lith u a nia, where up to five inter gla cial and
up to nine indivi dual till beds known in East ern Eu rope are dis tin -
guished in the Pleis to cene (Gaigalas, 1987; Raukas and Gaigalas,
1993). In Es to nia and Lat via gla cial ero sion may have been more
in tense, with con se quently less like li hood of the pres er va tion of
pre vi ous inter gla cial de pos its.

15 main strati graphi cal units of the Pleis to cene were de -
scribed and cor re lated for the area of south east ern Po land and
north west ern Ukraine (Lindner et al., 1998). Eight of these
units rep re sent glaciations (Narevian, Nidanian, Sanian 1, Sa -
nian 2, Liviecian, Odranian, Wartanian and Vistulian), and
seven are interglacials (Podlasian, Małopolanian, Ferdynan -
dovian, Mazovian, Zbójnian, Lublinian and Eemian).

But de spite the ap par ent or der li ness of the Lith u a nian
strati graphic scheme and the reg u lar ity of the SnaigupÅlÅ Inter -
gla cial po si tion within “warm” ox y gen iso tope stage 7, the or -
ganic de pos its, at trib uted to the pen ul ti mate (SnaigupÅlÅ) inter -

gla cial re main highly prob lem atic be cause of the palynological
sim i lar i ties be tween Holsteinian, SnaigupÅlÅ and Eemian inter -
gla cial de pos its in the Lith u a nian ter res trial re cord. Thus the
only un equiv o cal so lu tion lies in the re li able dat ing of the de -
pos its. Un til now, this has proved dif fi cult be cause of a pau city
of dateable ma te rial and the lim ited time range of ap pli ca bil ity
of avail able meth ods. In this study, we have car ried out the
elec tron spin res o nance (ESR) anal y sis of fresh wa ter molluscs
within an cient lac us trine de pos its re garded as SnaigupÅlÅ in
age. This  has al lowed us for the first time to de ter mine the
chro no log i cal age of the fresh wa ter shells and, hence, the age
of the sup posed SnaigupÅlÅ de pos its. We also con sider how cli -
mate evolved through time in Lith u a nia and neigh bour ing are -
as. To gether with ESR-dating this can help to re solve the ap -
par ent con flict be tween dif fer ent lo cal i ties as re gards both the
ex is tence and the tim ing of the pen ul ti mate inter gla cial within
OIS 7 and the de tails of cli mate fluc tu a tions in this in ter val.

GEOLOGICAL FRAMEWORK

There are seven metachronous till for ma tions in the Pleis to -
cene cover of Lith u a nia, left by sep a rate glaciations or their ma -
jor stages (Gaigalas, 1979). These tills are re lated to ad vances
and re treats of the ice sheets of the KatlÅriai, Dzñkija, Dainava,
Žemaitija, Medininkai and Nemunas  glaciations (to gether with
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Fig. 1. Map show ing the lo cal i ties men tioned in this pa per

Squares: 1 — Arapovichi, 2 — Likhvin, 3 — Strelitsa, 4 — Otkaznoe; cir cles: 1 — Maastricht-BelvédÀre, 2 — Schöningen, 3 — Zbójno, 4 — Losy, 5 —

Krepiec, 6 — SnaigupÅlÅ, 7 — Mardasavas, 8 — Valakampiai, 9 — Buivydûiai; grey area — dis tri bu tion of loesses on the East-European Plain



the Grñda and Baltija stadials). The gla cial sed i ments are sep a -
rated by de pos its of nor mal aquatic (flu vial and lac us trine) sed i -
men ta tion which took place dur ing the var i ous interglacials:
Vindûiñnai, Turgeliai, ButÅnai, SnaigupÅlÅ and MerkinÅ, and the 
interstadials of the Last (Nemunas/Weichselian) Gla ci ation.

The MerkinÅ/Eemian and ButÅnai/Holsteinian inter gla cial
de pos its serve as key ho ri zons for the pur pose of cor re la tion.
They are rep re sented by inter gla cial or ganic lac us trine and flu -
vial de pos its clearly char ac ter ised by palaeobotanical data
(KondratienÅ, 1996). 

The de pos its of the in ter me di ate SnaigupÅlÅ Inter gla cial oc -
cur in ex po sures in the east ern and south ern parts of Lith u a nia
(Fig. 1). The stratotype de pos its of the SnaigupÅlÅ palaeobasin
have been thor oughly stud ied in South Lith u a nia near Drus -
kininkai. The Valakampiai site, Buivydûiai and Mardasavas are 
parastratotype sec tions of the SnaigupÅlÅ Inter gla cial. 

The de vel op ment of the flora of the SnaigupÅlÅ Inter gla cial
is most sim i lar to that of the suc ceed ing MerkinÅ (Eemian)
Inter gla cial (KondratienÅ, 1996). The for mer (SnaigupÅlÅ) dif -
fers from the lat ter (MerkinÅ) in some fea tures (KondratienÅ,
1996). Oak ap peared and spread si mul ta neously with broad-
 leaved trees (ex cept horn beam), much ear lier than ha zel, dur ing 
the SnaigupÅlÅ Inter gla cial. The max i mum of lime oc curred be -
fore ha zel and was much less pronounced. Oak had two
maxima: at the be gin ning of the cli ma tic optimum of the
SnaigupÅlÅ Interglaciation and at the be gin ning of the ex pan -
sion of horn beam. Si mul ta neously, there are fea tures rem i nis -
cent of the ButÅnai/Holsteinian (Voznyachuk, 1981; Sat kñnas,
1997) or even still older (KondratienÅ and Vishnev skaya,
1974; KondratienÅ, 1996) interglacials. The spore and pol len
spectra can not be yet un am big u ously in ter preted to pro vide
clear ev i dence of stra tig ra phy and chro nol ogy. The “warm”
SnaigupÅlÅ bed has not yet been iden ti fied in a sec tion as so ci -
ated with a re li ably iden ti fied MerkinÅ/Eemian or
ButÅnai/Holsteinian inter gla cial deposits. Given the frag men -
tary na ture of the palaeobotanical ev i dence, the strati graphi cal
po si tion of this inter gla cial de posit re mains in doubt.

To help solve the prob lem we have col lected fresh wa ter
molluscs of the SnaigupÅlÅ Inter gla cial at the long-studied (see
e.g. KondratienÅ, 1959, 1965; KondratienÅ and Vishnevskaya,
1974) Valakampiai site, East ern Lith u a nia. The inter gla cial de -
pos its at Valakampiai are pres ent in north ern Vilnius. The
inter gla cial layer oc curs in the socle of the first  ter race above
the flood plain of the Neris River. This  SnaigupÅlÅ
parastratotype sec tion has been sub di vided into 9 pol len zones,
char ac ter is tic plants be ing Caulinia lithuanica Rišk., C.
tenuissima D. Benn., C. goretskyi Dorof. and Brasenia cf.
borysthenica Wieliczk. (RiëkienÅ, 1979; Velichkevich, 1979).
The SnaigupÅlÅ pol len di a gram of the Valakampiai sec tion
shows some sim i lar ity to MerkinÅ/Eemian spec tra
(KondratienÅ, 1973). There fore, it was ini tially as signed to the
Last Inter gla cial (KondratienÅ, 1959). Later, on the ba sis of 
new palynological data (KondratienÅ, 1996), the de pos its at
Valakampiai were at trib uted to the pre ced ing SnaigupÅlÅ Inter -
gla cial. The cor re la tion of the SnaigupÅlÅ Inter gla cial with
OIS 7 is widely sup ported in Lith u a nia. 

SITE DESCRIPTION AND SAMPLES 

A nat u ral ex po sure of inter gla cial de pos its at the Valakam -
piai site, which is lo cated in the left bank of the Neris River in
Vilnius, was used for sam pling. The ex posed 5 m thick sec tion
con sists of sev eral al ter nat ing lay ers (Fig. 2). The low est one
com prises shell-bear ing gyttja, the top of which is about 1.7 m
above the Neris River level. The gyttja is over lain by a 0.8 m
thick layer of lac us trine sand. The up per most part of the sec tion
is rep re sented by al lu vial sand, the base of which lies at about 2.5 
m above the river level. Two sam ples for ESR-dat ing were taken 
from the inter gla cial gyttja which is thought to be of pen ul ti mate
(SnaigupÅlÅ) inter gla cial age cor re lat ing with OIS 7.  One of the
dated fresh wa ter mol lusc shell sam ples (TLN 260-100), rep re -
sented by an un bro ken shell valve, was col lected on-site di rectly
from the gyttja. The sec ond one (TLN 259-100), con sist ing of
shell frag ments be long ing to the same spe cies, was taken in the
lab from a sam ple of the en clos ing sed i ments. 

RESEARCH METHOD

In this study an ad vanced ver sion of the ESR-dating
method (Molodkov, 1988, 1993, 1996) was used. This ap -
proach al lows de ter mi na tion of  the age of fresh wa ter mol lusc
shells the ESR spec tra of which are strongly af fected by the
pres ence of in tense Mn2+ lines that in ter fere with the peak
(g = 2.0012, Molodkov, 1988) used for nu mer i cal dat ing. 

The ESR palaeodosimetric dat ing method is based on di rect 
mea sure ment of the amount of ra di a tion-induced para mag netic
cen tres (ra di a tion dam age), formed in the ma trix of shell ma te -
rial ex posed to nat u ral ra di a tion. At the time of for ma tion the
shell car bon ate lat tice has no ra di a tion-induced cen tres, but
ion is ing ra di a tion from the shell it self and the en vi ron ment (en -
clos ing ma trix and cos mic) causes their grad ual ac cu mu la tion.
A shell sam ple will there fore have long-lived (~106–108 years,
Molodkov, 1988, 2001) para mag netic cen tres, the amount of
which re lates di rectly to the to tal ra di a tion dose that the shell
has re ceived. The pres ence of para mag netic car bon ate cen tres
in mol lusc shell ma te rial can be de tected by ESR spec trom e try.
This pro duces a plot of the mi cro wave ab sorp tion spec tra
where each para mag netic cen tre is char ac ter ised by a spe cific
sig nal (line), the am pli tude of which is re lated to the ac cu mu -
lated palaeodose, and hence to the age of the shells. The
ESR-dating tech nique which we use has been de tailed else -
where (e.g. Molodkov, 1993; Molodkov et al., 1998). A brief
out line of the an a lyt i cal pro ce dure is given be low.

EXPERIMENTAL PROCEDURES

ESR-ANALYSIS

Fresh wa ter shell sam ples were ana lysed with an ESR-221
spec trom e ter (X-band) at room tem per a ture. All the fresh wa ter
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shells stud ied were com posed of cal cite, and dis played typ i cal
ESR spec tra with a char ac ter is tic hyperfine sex tet and the for -
bid den tran si tion as so ci ated with Mn2+ in shell car bon ate
(Fig. 3). The phase sen si tiv ity de tec tion (PSD) tech nique
(Molodkov, 1988, 1993) was used to en hance the an a lyt i cal
line at g = 2.0012, Bpp ≈  0.22 mT and to sup press the man ga -
nese sig nals as well as the in ter fer ing ra di a tion-in duced sig nals
in the re gion of g = 2.00. ESR spec tra of the shell sam ples were
re corded with a sweep width of 2000 mT, a scan time of 1620 s
in the re gion of g = 2.00, and a time con stant of 0.01 s. The mi -
cro wave power used for dosimetric read ing was 2 mW with

100 kHz mag netic field mod u la tion at 1 mT. The re ported re -
sults are the av er age of ten mea sure ments of the 2.0012 sig nal
for each aliquot. 

DOSE RATE MEASUREMENTS

The ex ter nal beta and gamma con tri bu tions to the to tal dose 
rate were es ti mated from the con tents of nat u ral ra dio ac tive el e -
ments, 238U + 235U, 232Th and 40K in the sur round ing sed i ments.
For de tect ing and iden ti fy ing nat u rally oc cur ring ra dio ac tive
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Fig. 2. Valakampiai sec tion in Vilnius

A — lo ca tion map; B — geo log i cal sec tion (af ter Satkñnas, 1993)



el e ments in the sur round ing ma trix a mul ti chan nel gamma-ray
spec trom e ter with a 100 × 150 mm dia low back ground so dium 
io dide crys tal was used. For better sta tis ti cal ac cu racy up to
four sam ples about 1 kg each were taken within a sphere of
R~30 cm for as sess ment of the gamma and beta con tri bu tion to
the ex ter nal dose rate.  Sed i ment sam ples were sealed on-site to
pre serve pre vail ing mois ture needed fur ther to cor rect for nat u -
ral dose rate cal cu la tion. Es ti mates of the cos mic dose
(Yokoyama et al., 1982) were based on half of the pres ent
depth of burial in or der to take into ac count the in crease in
thick ness of the de pos its dur ing the con trolled time in ter val.
The dose rate con ver sion fac tors of Adamiec and Aitken
(1998) were used. The per cent age of the beta dose was es ti -
mated ac cord ing to the shell ge om e try and pro por tions etched
off. The water con tent of the sed i ments was also taken into ac -
count. The internal dose rate was cal cu lated based on the de ter -
mi na tion of U-concentration in the shells by NAA tak ing into
ac count the in-growth of 230Th with daugh ters in the shell dur -
ing its bur ied state (Ikeya, 1985; Molodkov, 1986; Molodkov
et al., 1998). The de fect for ma tion ef fi ciency for al -
pha-particles was as sumed to be 0.15. 

 DATING RESULTS

The age of the en clos ing de pos its was de ter mined on two
sam ples of fresh wa ter shell ma te rial taken from the same strati -
graphi cal level. The palaeodose for each sam ple was ob tained
by fit ting with the re cip ro cal ex po nen tial func tion
–ln(1– I/Imax), where I and Imax are the ESR sig nal in ten sity and
that of the level at sat u ra tion dose, re spec tively. The ac cu mu -
lated palaeodose, Ps,  was es ti mated by ex trap o la tion of the re -
gres sion line to the zero ESR in ten sity (Fig. 4). Sat u ra tion in -
ten sity was de ter mined iteratively by op ti mis ing the cor re la tion 
co ef fi cient r. Long-term fad ing of the ab sorbed palaeodose
(Molodkov, 1989) was taken into ac count, pro ceed ing from the 
es ti mated time-av er aged ter res trial tem per a ture (about 5°C)
and ther mal sta bil ity of the 2.0012 cen tres in the shells stud ied
(τ ≈ 10 Ma at 5°C, Gaigalas and Molodkov, 1996). The re sults
of ra dio met ric and ESR anal y ses are given in Ta ble 1. At pres -
ent the dat ing method ap plied in this work usu ally pro vides
over all an a lyt i cal pre ci sion of up to about 10%, when tak ing

into ac count the stan dard er rors as sumed for ev ery pa ram e ter
used in the age cal cu la tion. The ESR anal y sis of the shells
yielded mu tu ally con sis tent dates of 116.0 ± 10.8 and 110.0 ±
12.1 ka with an av er age age of about 113.3 ka.

DISCUSSION

The nu mer i cal ages ob tained sug gest cor re la tion with the
Last (MerkinÅ/Eemian) Inter gla cial that, from palynological
anal y sis of the Arapovichi ref er ence sec tion (Figs. 1 and 5) and
ESR-chronostratigraphic stud ies over the mar ginal ar eas of
Eur asian north (Molodkov and Bolikhovskaya, 2002) date
from a time in ter val be tween ap prox i mately 145 to 70 ka. Our
dat ing re sults are in di rectly cor rob o rated by the re sults of an -
other study (A. Bitinas, pers. comm., 2002) which sug gest that
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T a  b l e  1

ESR re sults and ra dio ac tiv ity data for mol lusc shells and  sed i ment sam ples from the Valakampiai site

No. Lab No. Field No. d
[mm]

Uin

[ppm]
U 

[ppm]
Th 

[ppm]
K 

[%]
Dc 

[µGy/a]

Dint

[µGy/a]

Dsed

[µGy/a]

DΣ 

[µGy/a]

Ps

[Gy]
ESR-age, 

T [ka]

1 TLN
259-100 Sam ple 1 1.5 0.42±

0.01
1.23±
0.05

3.45±
0.16

1.11±
0.02

109.6±
22.0

122.6±
12.3

951.3±
47.6

1183.5±
56.8

129.7±
12.8

110.0 ±
12.1

2 TLN
260-100 Sam ple 2 3.0 0.21±

0.01
1.23±
0.05

3.45±
0.16

1.11±
0.02

109.6±
22.0

65.7±
6.6

784.1±
39.2

959.3±
50.0

110.9±
8.6

116.0 ±
10.8

Weighted mean age 113.3 ±
8.1

d — the shell thick ness, Uin — the ura nium con tent in shells, U, Th, K — the ura nium , tho rium and po tas sium con tent in sed i ments, Dc — the cos -
mic dose rate, Dint — the time-averaged in ter nal dose rate, Dsed —  the sed i ment dose rate, DΣ — the to tal dose rate, Ps — the palaeodose

A

B

radiation-induced signal

g = 2.0012

5 mT

Fig. 3. A — typ i cal ESR de riv a tive ab sorp tion spec trum of fresh wa ter mol -
lusc shells from the Valakampiai site; B — an a lyt i cal line at g = 2.0012,
sep a rated by phase sen si tive de tec tion (PSD) tech nique



the Valakampiai gyttja is clearly re de pos ited, as glaciotectonic
folds are pres ent in the sand di rectly un der the gyttja, and gyttja
was not found in a bore hole drilled sev eral metres away from
the ex po sure. This dem on strates that the gyttja layer has a very
lim ited ex tent. Fur ther more, a raft of Me so zoic rocks has been
dis cov ered at the same height in the bore hole drilled about 100
metres from the out crop, un der lin ing the prev a lence of
glacitectonic struc tures in the Qua ter nary de pos its of this re -
gion.  Dur ing the Last Gla ci ation the ice sheet may have cov -
ered the Neris val ley in this area and dis lo cated older de pos its.

At first sight, our re sults on the parastratotype Valakampiai
sec tion would seem to in di cate that inter gla cial de pos its of the
pen ul ti mate inter gla cial dis tin guished by O. KondratienÅ in
Lith u a nia, in clud ing the Valakampiai site, were ac tu ally
formed dur ing the Last (MerkinÅ/Eemian) Inter gla cial stage.
Such a con clu sion might ap pear to be also sup ported by the cir -
cum stance that in the other Bal tic coun tries (Lat via and Es to -
nia) an inter gla cial event be tween Holsteinian (OIS 11) and
Eemian (OIS 5) has not been iden ti fied (Latvijas
stratigrafijas..., 1994; Raukas and Kajak, 1995). To elu ci date
whether this pen ul ti mate (late Mid dle Pleis to cene) inter gla cial

ep i sode may re ally have oc curred in the Bal tic coun tries, in -
clud ing Lith u a nia, we de cided to con sider the gen eral
palaeoenvironmental evo lu tion dur ing the late Mid dle Pleis to -
cene. For this pur pose, we have cho sen the near est and paly no -
logi cal ly best stud ied long ter res trial suc ces sion, the Likhvin,
and two com plete suc ces sions from the south east ern part of the
East-European Plain. They clearly dem on strate the oc cur rence
of  greater cli ma tic com plex ity be tween the Holsteinian and
Eemian than is rep re sented in the strati graphi cal schemes of
Lat via, Es to nia and some other ar eas of Eu rope.

PALAEOCLIMATIC EVIDENCE FROM LONG
MIDDLE PLEISTOCENE PROXY RECORDS

LONG SEQUENCE FROM LIKHVIN

Likhvin is among the lon gest and best doc u mented con tin u -
ous ter res trial proxy cli mate re cord of the East-Eu ro pean Plain.
This sec tion is lo cated ap prox i mately 700 km east of Lith u a nia, 
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al most at the same lat i tude as the Valakampiai site. A 50 m
thick se quence of loess, palaeosoils, tills, glacio-lac us trine, al -
lu vial, lac us trine and bog sed i ments is ex posed here in a 2 km
long scarp ex tend ing along the Oka River (Fig. 1) and in nearby 
pits and bore holes. The se quence spans the pe riod from the
Don (Gla cial C of Cromerian com plex) Gla ci ation to the Ho lo -
cene (Bolikhovskaya and Sudakova, 1996). The com po si tion
and struc ture of the Mid dle Pleis to cene sed i ments and the ma -
jor ity of palaeogeographic events of this time in ter val are rep re -
sented here most com pletely. Ac cord ing to the re sults of pol len
anal y sis, six cold and six warm inter gla cial (Figs. 5 and  6) ep -
ochs are rep re sented in the Likhvin sec tion. These in clude the
Chekalin (OIS 9) and Cherepet’ (OIS 7) interglacials which oc -
curred be tween the Likhvinian (Holsteinian) and Mikulinian
(Eemian). All Mid-Pleis to cene gla cial-inter gla cial cy cles are
rep re sented here ei ther as com plete cli ma tic rhythms of gla cial
and inter gla cial rank, or as a con sid er able por tions of cli ma -
tic-phytocoenotic phases — con stit u ents of the rhythm
(Bolikhovskaya, 1995). 

To elu ci date the pos si ble chronostratigraphic po si tion of
the SnaigupÅlÅ Inter gla cial de pos its in the Qua ter nary for ma -
tions of Lith u a nia and their cor re la tion with the inter gla cial lev -
els of the neigh bour ing ar eas, we will con sider some fea tures of 
flora and veg e ta tion of all the in ter vals be tween the Oka
(Elsterian) and Dnieprian (Saalian) glaciations re con structed in 
the Likhvin sec tion. Then, us ing data from two more com plete
sec tions lo cated fur ther to the south-east, we shall briefly char -
ac ter ise pen ul ti mate inter gla cial in ter val within OIS 7.

The palynozones of the Likhvinian (s. s.) stratotypical ho ri -
zon (OIS 11), which is rep re sented in the Likhvin sec tion by the
se ries of al lu vial and lake de pos its up to 20 m thick (Fig. 5), al -
lowed to re con struct 11 phases in de vel op ment of veg e ta tion and
cli mate of the rather long Likhvinian Inter gla cial (Bolikhovskaya,
1995; Bolikhovskaya and Molodkov, 2002).

The palynoflora of Likhvinian Inter gla cial de pos its in -
cludes al most 90 taxa, of which more than 60 taxa are de ter -
mined up to spe cies level. The char ac ter is tic taxa of the
Likhvinian flora in clude such in dic a tive spe cies as Tsuga
canadensis, Taxus baccata, Pterocarya fraxinifolia, Juglans
cinerea, Castanea sativa, Ilex aquifolium, Fagus orientalis,
Quercus castaneifolia, Buxus sp., Osmunda claytoniana, etc.
(see Bolikhovskaya, 1995 for de tails). Ac cord ing to our data
(Bolikhovskaya and Molodkov, 2000; Molodkov and
Bolikhovskaya, 2002) the Likhvinian Inter gla cial was the pe -
riod of the most pro longed and warm cli mate in north ern Eur -
asia over the past 600 ka.

The sub se quent pre-Dnieprian palaeoenvironmental
changes are rep re sented by a ca. 8 m thick unit, which con sists
of al lu vial, lake, lake-and-bog clayey and loamy de pos its in -
clud ing four ho ri zons of hydromorphous bur ied soils.

Dur ing the Kaluga cool in ter val (OIS 10) the periglacial
en vi ron ments of for est-tun dra lac us trine and flu vial de pos its, as
well as the over ly ing PS 7 soil and the par ent rock of the PS 6 soil 
(Fig. 5) were formed. Climatostratigraphic units are ex pressed
by five palynozones the amount and va ri ety of which in di cate the  
rel a tively long du ra tion of the Kaluga cold cli ma tic rhythm. 

The first post-Likhvinian — Chekalin (OIS 9) — inter -
gla cial has been re corded in a pedocomplex in clud ing
paraburozem PS 5 and podzolic PS 6 soils with lac us trine

clay be tween them. Char ac ter is tic taxa of palynoflora of the
Chekalin Inter gla cial are Picea s. Omorica, P. excelsa,
Pinus s.Cembra, P. sibirica, P. sylvestris, Betula pendula, B. 
pubescens, Carpinus betulus, Quercus robur, Tilia cordata,
T. platyphyllos, T. tomentosa, Acer sp., Ulmus laevis, U.
glabra, U. campestris and oth ers. 

It is note wor thy that up till now, in Lith u a nia no ev i dence
has been ob tained sug gest ing sig nif i cant tem per a ture drop dur -
ing the time in ter val cor re lated with OIS 10 or of the ex is tence
of two interglacials within OIS 11 and OIS 9, al though such ev -
i dence has been de tected in other re gions (Gaigalas and
Molodkov, 1996).

The Zhizdra cool ing event (OIS 8) is dis tin guished by the
pol len spec tra of the over ly ing 1 m thick lake and bog de pos its.
Dur ing this se vere cool ing periglacial steppes were re placed by 
periglacial tundras. Shrub for ma tions (Juniperus sp., Betula
fruticosa, B. nana, Alnaster fruticosus, Salix sp.),
meadow-swamp phytocoenoses and sparse-soddy hab i tats oc -
cu pied by Ephedra sp., Ar te mi sia spp., Can na bis sativa and
other xerophytes pre vailed. 

The pen ul ti mate — Cherepet’ (OIS 7) — inter gla cial
which falls within the in ter val clas si fied in West ern Eu rope as
Saalian (Fig. 6), is rep re sented in the Likhvin sec tion by a bog
gleyed soil. At the time of its for ma tion, for ests dom i nated the
land scape of the Up per Oka ba sin un der go ing the fol low ing
trans for ma tions dur ing the inter gla cial (palynozones
Chr1–Chr5):

— Chr1 — pine-birch for ests with an ad mix ture of
Quercus robur, Q. cf. pubescens, Ostrya sp.;

— Chr2 — horn beam-oak for ests with an ad mix ture of
Tilia cordata, T. tomentosa, Carpinus orientalis, Ostrya sp.
and birch for ests;

— Chr3 — birch-pine with an ad mix ture of elm for ests and
osier-beds (endothermal cool ing);

— Chr4 — cembran pine, pine-birch and elm-oak for ests;
and osier-beds; 

— Chr5 — pine-birch for ests with an ad mix ture of elm and
lime. 

Op ti mum phases of the Cherepet’ Inter gla cial are marked
by the spread of horn beam-oak and co nif er ous/broad-leaved
for ests with Pinus s. Cembra, P. sylvestris, Betula pendula, B.
pubescens, Carpinus betulus, C. cf. orientalis, Ostrya sp.,
Quercus robur, Q. cf. pubescens, Tilia cordata, T. tomentosa,
Ulmus laevis, U. campestris, etc., among char ac ter is tic taxa. 

COMPLETE SUCCESSIONS FROM STRELITSA AND OTKAZNOE

To the south-east, in the Strelitsa sec tion (the area of the
Up per Don, Fig. 1) all Mid dle and Up per Pleis to cene de pos its
are rep re sented. Dur ing the pen ul ti mate (Cherepet’) inter gla -
cial (or Romny ac cord ing to the scheme of Velichko and col -
leagues (Cli mate and En vi ron men tal Changes …, 1999)) the
hu mus ho ri zon of the Romny soil formed here. Our
palynological data and en vi ron men tal re con struc tions
(Bolikhovskaya, 1995; Virina et al., 2000) in di cate that the
Romny soil was formed un der warm inter gla cial con di tions. In
the for est veg e ta tion, which dom i nated dur ing the whole inter -
gla cial, the fol low ing suc ces sion has been es tab lished:
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Fig. 6. Cor re la tion be tween palaeoenvironmental late Mid dle Pleis to cene events in Lith u a nia (af ter Satkñnas and
KondratienÅ, 1995), West Eu rope (af ter Bowen et al., 1986) and the East-European Plain (af ter Bolikhovskaya, 1995)



— Chr1— shrub horn beam-oak with an ad mix ture of al der
for ests and pine-birch for ests; 

— Chr2 — horn beam-oak for ests with Carpinus orientalis, 
Ostrya sp., Quercus pubescens; al der and co nif er ous-birch for -
ests; 

— Chr3 — birch-pine for ests with an ad mix ture of oak. 
The pro file con tains two phases (Chr1–Chr2) of

thermoxerotic (warm and rel a tively dry) stage and a cold phase
(endothermal cool ing) (Chr3) of the Cherepet’ Inter gla cial.
The soil body of the thermohygrotic stage of this inter gla cial
rhythm has not pre served in this sec tion.

Fur ther south, in the extraglacial zone of the Rus sian Plain,
even more com plete Mid dle and Late Pleis to cene strata are pre -
sented in the Otkaznoe sec tion, Mid dle Kuma area
(Bolikhovskaya, 1995). Here the characteristic Cherepet’ Inter -
gla cial pol len assamblages are pre served in a well-developed
palaeosol com plex re flect ing a dom i na tion of xe ro phyt ic open
wood lands and tem per ate shrubs, in the fol low ing succession: 

— Chr1 — oak sparse for ests; 
— Chr2 — birch for ests and shrub horn beam groves (endo -

thermal cool ing); 
— Chr3 — oak-hazel sparse for ests, shrub horn beam

groves and birch for ests.
Char ac ter is tic taxa of the Cherepet’ Inter gla cial in the

Otkaznoe pro file com prise Pinus s.g. Haploxylon, Betula rad -
deana, Carpinus betulus, C. orientalis, Ostrya sp., Corylus
colurna, Quercus robur, Q. pubescens, Q. ilex, Q. petraea, Tilia
cordata, T. platyphyllos, T. tomentosa (Bolikhovskaya, 1995).

The most dis tinc tive fea ture of the pen ul ti mate (Cherepet’,
OIS 7) inter gla cial palynoflora is that, at all three sites con sid -
ered, rep re sen ta tives of xe ro phyt ic broad-leaved for ests and
shrub for ma tions — Carpinus orientalis, Ostrya sp., Quercus
pubescens, etc. — are char ac ter is tic. In the lat ter two ar eas,
Carpinus orientalis had even been among the for est-forming
spe cies. The broad-leaved for ests, rep re sent ing the climatic op -
ti mum of this pen ul ti mate warm stage at all sites con sid ered,
have rep re sen ta tives to day in the Cau ca sus, Cri mea, Moldavia
and other re gions of south ern Eu rope. 

A warm phase of inter gla cial rank within OIS 7 has been in -
de pend ently es tab lished. For in stance, sea-level rise due to
melt ing of global ice is re corded by ESR data at about 220 ka
from raised ma rine de pos its (Molodkov, 1995), thus pre dat ing
the MerkinÅ (Eemian). Ac cord ing to data on up lifted ma rine
ter races on tec toni cally sta ble ar eas, the sea level dur ing OIS 7
was higher than at pres ent (Zazo, 1999). Ev i dence of an
intra-Saalian warm pe riod with inter gla cial type veg e ta tion has
also been found in the Velay, Mas sif Cen tral, France (De
Beaulieu et al., 2001) and the Schöningen, Lower Sax ony, Ger -
many (Ur ban, 1995) suc ces sions. Sim i lar data come also from
Po land (Krepiec, Losy and Zbójno sites) where Lindner and
Marciniak (1998) pro vided new ev i dence for an intra-Saalian
Lubavian (Lublinian) Inter gla cial, ca. 242–238 to 211 ka in age 
(Lindner et al., 1998), and from Neth er lands (Maastricht-
 BelvédÀre OIS 7 site) where the BelvédÀre Inter gla cial has
been iden ti fied (Vandenberghe, 1995). Both warm stages
(BelvédÀre and Lubavian) are cor re lated with the Schöningen
(Drenthe/Warthe) Inter gla cial (Ur ban, 1995). 

These palaeoenvironmental proxy re cords sug gest that this
warm-climate event within OIS 7 is of broad trans con ti nen tal,

or even hemi spher i cal, sig nif i cance rather than be ing a lo cal
phe nom e non in the cen tre of the East-European Plain. There -
fore, fur ther stud ies are needed to de ter mine the SnaigupÅlÅ de -
pos its re cog nised in dif fer ent parts of Lith u a nia are re ally re -
lated to the pen ul ti mate (SnaigupÅlÅ) inter gla cial, in con trast to
the gyttja dated at the Valakampiai site.

CONCLUSION 

ESR-dates ob tained on fresh wa ter mol lusc shells from de -
pos its pre vi ously at trib uted to the pen ul ti mate (SnaigupÅlÅ)
inter gla cial de pos its at Valakampiai are in fact Mer -
kinÅ/Eemian in age. In gen eral, the stra tig ra phy of such Pleis to -
cene de pos its is un cer tain be cause of the frag mented na ture of
the re cord, and this par tic u larly effects the SnaigupÅlÅ Inter gla -
cial de pos its of Lith u a nia. To ob tain a per spec tive on the late
Mid dle Pleis to cene palaeoenvironmental his tory of the re gion,
and to es ti mate the prob a bil ity of the oc cur rence of this inter -
gla cial event in Lith u a nia and other Bal tic coun tries, we have
con sid ered the near est and most com plete long ter res trial se -
quences from the cen tral and south east ern parts of the
East-European Plain.

The ref er ence sec tions se lected for il lu mi nat ing the ques -
tion are lo cated in to the east of Valakampiai, al most at the
same and lower lat i tudes, and they pro vide a re cord of
palaeoclimatic change through the en tire Mid dle and Late
Pleis to cene; all these sec tions have been di rectly stud ied in de -
tail by one of us (N. Bolikhovskaya).

Ac cord ing to our data (Molodkov and Bolikhovskaya,
2002), at least two inter gla cial in ter vals ac com pa nied by a rel a -
tively high sea-level stand, dated by ESR to be tween about 340
and 280 ka ago (stage 9, ini tial part of stage 8), and at ca. 220 ka 
(stage 7), are dis tin guished dur ing the late Mid dle Pleis to cene
af ter the warm pe riod of the Likhvinian s. s. (Holstei nian s. s.)
Inter gla cial. The last of the op ti mum phase con di tions is re -
flected in the Likhvin ref er ence sec tion by horn beam-oak and
co nif er ous/broad-leaved for ests clearly in di cat ing an ep i sode
of warm inter gla cial cli mate within OIS 7.  The dif fer ent
palaeoenvironmental proxy re cords in clud ing palynological
ev i dence sug gest that this warm-climate event within OIS 7 is
of a broad trans con ti nen tal, or even hemi spher i cal sig nif i cance. 
Thus, cor re spond ing de pos its of this pen ul ti mate inter gla cial
should be pres ent in Lith u a nia as well. New in ves ti ga tions of
SnaigupÅlÅ sites are  needed to es tab lish whether this is the
case. Re li able age con trol for these inter gla cial de pos its is
particularly needed, for ex am ple from elec tron spin res o nance
(ESR) and op ti cally-stimulated lu mi nes cence (OSL) meth ods.
We hope to pur sue this study.
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