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The palaeolake from Ossówka, east ern Po land, is an un usual ex am ple of ba sin, in which sed i men ta tion lasted from the be -
gin ning of the Holsteinian through sev eral cli ma tic os cil la tions un til the Early Saalian, i.e. over a pe riod of ~70,000 years.
This pro vides us with the op por tu nity of cor re lat ing the dy nam i cally chang ing events on land with their po ten tial equiv a lents
in the ma rine pro files. Alkenone-based tem per a ture re con struc tions us ing U37

k ¢
 are an un usual tool in this re spect. Nev er the -

less, as a re sult, we suc cess fully re late this pol len se quence to the chang ing SST (sea sur face tem per a ture) val ues in the
colder phases of MIS 11. The bi par tite Ferdinandovian Inter gla cial was pre vi ously cor re lated with the up per part of the
Cromerian com plex (MIS 13 and MIS 15). Hav ing at our dis posal lim its in the SST alkenone-based re cord, we clearly iden tify
the strati graphic po si tion of the sec ond warm phase of MIS 15 and a small frag ment of MIS 14. In our opin ion, the Rhume
Inter gla cial, iden ti fied in Ger many, should be lo cated within MIS 13. Us ing the avail able or bit ally tuned chro nol ogy, we also
give a sub stan tial in put to es ti mate du ra tion of these ter res trial interglacials, in di cat ing the start ing and end ing points of their
equiv a lents in the alkenone re cords.

Key words: Mid dle Pleis to cene stra tig ra phy, MIS, du ra tion of inter gla cial, ter res trial re cord, alkenone-based palaeo -
temperatures.

INTRODUCTION

Deep-sea cores are ar chives reg is ter ing mul ti ple se -
quences of cli ma tic cy cles de ci phered us ing dif fer ent tech -
niques. Di vided into ma rine iso tope stages (MIS) of gla cial and
inter gla cial cli mate, the ma rine iso tope stra tig ra phy pro vides
the frame work to which the Qua ter nary stra tigra phers can re fer
their ter res trial pro files. How ever, we are of ten un able to cor re -
late un equiv o cally these ma rine re cords with the pol len data on
land. Un til re cently, only the strati graphic po si tions of the MIS
5e (Eemian Inter gla cial) and MIS 11c (Holsteinian Inter gla cial)
equiv a lents were ac cepted on the con ti nent (Desprat et al.,
2005; Candy et al., 2014; Railsback et al., 2015; Berger et al.,
2016) and the pol len se quences, which are the most pow er ful
tool in the cor re la tion, have well-de fined palynological char ac -
ter is tics. Other ter res trial an a logues of ma rine warm phases

are known al most ex clu sively from mam ma lian or mol lus can re -
cords or from pol len se quences that are mostly frag men tary
and of un cer tain po si tion (Preusser et al., 2005). Yet even re -
lated to these two, ac cepted strati graphic po si tions of
interglacials (MIS 5e and MIS 11c) there ex ist some doubts.
The po si tion of the ter res trial equiv a lent of MIS 11c is ques -
tioned by some re search ers (Bittmann and Müller, 1996;
Zagwijn, 1998; Geyh and Müller, 2005, 2007; Kühl and Gobet,
2010). In turn, the iden ti fi ca tion of MIS 5e in cen tral Eu rope can
be also un cer tain, be cause apart from well-rec og nized pol len
re cords from the Cen tral Mas sif in France (Reille et al., 2000),
we have only poorly doc u mented ter res trial an a logues of MIS 7
and MIS 9 avail able in this re gion. These re cords, de spite the
dif fer ences, are very sim i lar to the evo lu tion of the Eemian veg -
e ta tion.

At tempts were made to cor re late not only the higher-rank
MIS phases with their equiv a lents on con ti nents, but also the
intra-inter gla cial events or small-scale cli mate changes,
~400–1000 years long. The well-de fined Weichselian stra tig ra -
phy as well as older gla cial/inter gla cial strati graphic units (from
MIS 10 to MIS 6) from the Cen tral Mas sif and their pre cise cor -
re la tion with the ma rine an a logues us ing alkenone-based (U37

k ¢ )
SST are the best ex am ple (Martrat et al., 2007).

* Corresponding author, e-mail: k.binka@uw.edu.pl

Received: April 8, 2017; accepted: November 3, 2017; first
published online: January 8, 2018.



The aim of this pa per is to pro pose re li able cor re la tions be -
tween the ter res trial interglacials dis tin guished based on pol len
re cords from east ern Po land and the ma rine stra tig ra phy, es pe -
cially sea sur face tem per a ture re cords of the Ibe rian mar gin,
cov er ing the last 580 ky (Rodrigues et al., 2011). Such cor re la -
tion is ex tremely im por tant be cause of lack of re li able age con -
trol due to un cer tain ties of the ap plied dat ing tech niques. In fact, 
strati graphic set ting of Mid dle Pleis to cene inter gla cial pol len
suc ces sions in Po land and es pe cially of their post-inter gla cial
parts is gen er ally less or more un cer tain. There fore, the cor re la -
tion be tween ma rine and ter res trial strati graphic schemes
based on in de pend ent age mod els seems to be the main chal -
lenge of the mod ern Qua ter nary stra tig ra phy.

Pol len re cords in ma rine sed i men tary se quences are of ten
the only source of in for ma tion about the veg e ta tion on the
nearby land, al low ing cor re la tion with the en vi ron men tal events
reg is tered in ma rine de pos its. How ever, the qual ity of these pol -
len pro files is far from palynological stan dards re quired for
these col lected from lake de pos its or peat-bogs. The re sults of
ex am i na tion of such se quences are usu ally of gen eral na ture,
in clud ing trac ing of inter gla cial suc ces sions with some what
fluc tu at ing bound aries, main com po nents of the spec tra, and
per cent age con tents that are, how ever, quite dif fer ent from
those in the pol len rain on land. Cer tainly, no re li able con clu -

sions should be drawn about smaller intra-inter gla cial and gla -
cial os cil la tions, and the ma rine-de rived pol len spec tra can not
be the main base of con clu sions on sub tle de coup ling trends
be tween oce anic and land con di tions. The rea sons of these are
mul ti di men sional (see S«nchez GoÔi et al., 1999, 2016; Oliveira 
et al., 2016, 2017). One is a long dis tance of a deep-sea core
from the con ti nent (Oliveira et al., 2016, 2017; S«nchez GoÔi et
al., 2016), which makes pol len that is best-adapted to long
trans port to be the main com po nent of the spec trum. The prob -
lem of pol len trans port has not been usu ally con sid ered with ad -
e quate at ten tion. The sec ond prob lem is a low pol len con cen -
tra tion in the de pos its and a low pol len sum counted if ex clud ing
Pinus equal from 100 to 166 per sam ple only (Oliveira et al.,
2016). Ap pli ca tion of Lycopodium tab lets in or der to cal cu late
con cen tra tion of pol len in a def i nite vol ume was done by
Desprat et al. (2005) (MD01-2447 core with the MIS 11 re cord),
but their pol len se quence is not suit able to more sub tle con sid -
er ations. How ever, in this case, ana lysed in ter val is cor re lated
by au thors with the Holsteinian and three post-inter gla cial os cil -
la tions. Gen er ally, the con clu sions are based on the chang ing
pro por tion of Quercus pol len.

The re in ves ti ga tion of the unique pol len suc ces sion from
Ossówka, east ern Po land (Fig. 1), last ing ~70 ky (Krupiñski,
1995; Nitychoruk et al., 2005; Biñka and Nitychoruk, 2013),
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 Fig. 1. Lo ca tion of the dis cussed sites

1 – Ossówka, 2 – £uków, 3 – Czaple, 4 – B³êdowo, 5 – Bilshausen, 6 – Dethlingen, 7 – Döttingen, 8 – Tenaghi Philippon, 
9 – Praclaux, 10 – Schöningen, 11 – Marks Tey, 12 – Mun ster-Breloh, 13 – MD03-2699, 14 – MD01-2443, 

15 – IODP Site U1313, 16 – ODP Site 980, 17 – MD01-2447, 18 – MD01-2446



gives a new im pulse in this area of re search. The se quence
started in the Late Elsterian, con tin ued through out the
Holsteinian, and ter mi nated in the Saalian (Ta ble 1). Nu mer ous 
stadial/interstadial events with more sub tle cli mate shifts are
cru cial for fur ther con sid er ations. The se quence from £uków
(Pidek and Poska, 2013), which is the sec ond in ter est ing pol len 
re cord re ported from the nearby site, re vealed a very com plex
suc ces sion with the two-phased Ferdinandovian Inter gla cial
and a se ries of neigh bour ing stadials and interstadials. It has
been usu ally cor re lated with MIS 15 (lower tem per ate part) and
MIS 13 (up per one) or gen er ally lo cated in the up per seg ments
of the Cromerian Com plex (see Lindner et al., 2013). 

Hav ing high-res o lu tion pol len pro files at our dis posal, we
test the pos si bil ity of cor re lat ing the ma rine re cords from the
North At lan tic, es pe cially d18O of plank tic/ben thic fora mini fera
and alkenone-based (U37

k ¢ ) tem per a ture re con struc tions with
pol len se quences on land. 

The sites at Ossówka and £uków, lo cated in east ern Po -
land, and the near est deep-sea cores are about a few thou sand 
kilo metres apart. How ever, also in this re gion, the in flu ence of
the North At lan tic Cir cu la tion (NAC) is pre dom i nant through out
a year, when the west erly winds bring moist air masses even
much fur ther eastwards than the ana lysed sites. On the other
hand, po lar con ti nen tal air masses (west ward dis place ment of
the Si be rian High) re sult in cold win ters and warm sum mers.
Hence, the in flu ence of con ti nen tal cli mate in east ern Po land is
also an im por tant fac tor. Be cause the sur face wa ters at sites
near Por tu gal “are de rived in one form or an other from the Gulf
Stream and the North At lan tic Cur rent (NAC)’’ (Voelker et al.,
2010) the link be tween the cli mate in that area and this in Po -
land seems to be clear. As we can see from the At lan tic
deep-sea cores, NAC in flu enced sub stan tially the weather in
west ern and cen tral Eu rope in the mid dle and the Up per Pleis -
to cene. Hence, the strati graphi cal frame work for the Qua ter -

nary in these ar eas is gen er ally sim i lar, dif fer ing only in plant
com po si tion. Thus, it ap pears that the cor re la tion of pol len re -
cords in east ern Po land is cer tainly pos si ble.

METHODS

The sites at Ossówka and £uków are lo cated in east ern Po -
land at the lat i tudes of 52°11’N and 51°93’N, re spec tively (Fig.
1). The Ossówka sec tion re veals a con tin u ous se quence of car -
bon ate gyttja, lam i nated in the inter gla cial part and with out any
strati graphi cal gaps (Krupiñski, 1995; Nitychoruk, 2000). Quite
re cently, a new, 55 m long core from the cen tral part of the
palaeolake was ana lysed (Biñka and Nitychoruk, 2013). The
site at £uków, sit u ated not far from Ossówka, is rep re sented by
a 10 m long se quence of lac us trine de pos its.

Deep-sea re cords, se lected for cor re la tion pro ce dures, are
lo cated at mid-lat i tudes and in the sub po lar North At lan tic (Fig.
1). They rep re sent dif fer ent hydrologic con di tions and pro duc -
tiv ity re gimes: ODP Site 980 (the branch of NAC, sub po lar re -
gime), IODP Site U1313 (the branch of NAC, mid-lat i tude re -
gime), core MD01-2447 off shore of the Ibe rian Mar gin (south -
ward recirculation of NAC), cores MD03-2699 and MD01-2443
in nearshore po si tions on the Ibe rian Mar gin (sub trop i cal
Azores Cur rent and upwelling) and ODP Sites 1056/1058 (Gulf
Stream) (McManus et al., 1999; Martrat et al., 2007; Voelker et
al., 2010; Rodrigues et al., 2011).

The cor re la tion was per formed with the peak by peak com -
par i son. Ef fi ciency of cor re la tion de pends on sam pling res o lu -
tion in the ma rine cores, e.g. in core MD03-2699 the 2 cm sam -
pling in ter val al lows an av er age res o lu tion of 168 years
(Rodrigues et al., 2011) and the tem po ral res o lu tion for the
MD01-2443 re cord does not ex ceed 250 ±149 years for MIS 11
(Martrat et al., 2007). Be cause the length of the stadials/inter -
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Qua ter nary stra tig ra phy of part of the Mid dle Pleis to cene of Po land (af ter Lindner et al., 2013), 
and its cor re la tion with the sub di vi sions from West ern Eu rope
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stadials in the ana lysed pol len re cords ex ceeds sig nif i cantly
these es ti ma tions, the fi nal cor re la tion seems very likely.

The cor re la tion is based upon the d18O re cord of
planktic/ben thic foraminifera, which serves as an in di ca tor in
global ice vol ume and the alkenone-based tem per a ture re con -
struc tion (U37

k ¢ ). In the lat ter case, the alkenone unsaturation in -
dex (U37

k ¢ ) is com monly con verted into mean an nual sea sur face
tem per a ture (SST; e.g., Naafs et al., 2011). How ever, many
fac tors, such as depth or sea son al ity of haptophyte blooms, can 
cause the in dex to de vi ate from the mean an nual val ues and it
should not be in ter preted in a sim plis tic man ner (Her bert,
2003). Ac cord ing to Law rence et al. (2009), the es ti mates of
alkenone tem per a ture in the sub po lar North At lan tic re flect
prob a bly sum mer con di tions, be cause the high est pro duc tiv ity
of coccolithophorids oc curs from sum mer to early au tumn in
this area. Also, near the west coast of Por tu gal, blooms of
coccoliths are ob served first of all from spring to au tumn and
they are re lated to the in ten sity and per sis tence of upwelling
(Silva et al., 2008; Amore et al., 2012). Be cause the core
MD03-2699 is un der the in flu ence of the Por tu gal upwelling
sys tem, we can treat SST for this site as re flect ing mostly the
sum mer tem per a tures.

Stadials, interstadials and inter gla cial parts in pol len se -
quences with their re con structed vary ing tem per a ture range in
the iso tope and alkenone re cord should have their coun ter parts 
rep re sented by max ima and min ima of the curves (peak by
peak com par i son). Two ba sic plant com mu ni ties in the pol len
re cord from Ossówka and £uków, which ap pear re peat edly in
the ex am ined se quences, com prise a pine for est (form ing veg -
e ta tion of the interstadials as well as of the on set and the end of
the interglacials) and a tree-less steppe of stadials. An a logue
po si tions of these have been iden ti fied in the alkenone or iso -
tope re cords of a par tic u lar site and should rep re sent more or
less the same temperature on the chart.

DISCUSSION

In tem per ate Eu rope, the term inter gla cial, based on pol len
anal y sis, rep re sents a suc ces sion that started with birch/pine for -
est, fol lowed by tem per ate de cid u ous for est and ter mi nated with
pine for est. Us ing this ap proach this term usu ally does not cor re -
spond with the ma rine/ice warm peaks de scribed as odd num -
bers – MIS 5, 9, 11 (see re view in Candy et al., 2014), be cause
their du ra tion is most of ten def i nitely shorter. Their equiv a lent in
ma rine re cords is named “full inter gla cial con di tion” or “ma jor
warm cli mate peak”, with out pre cise iden ti fi ca tion of the on set
and ter mi na tion. These sec ond ary peaks in ma rine iso tope
stages are named with ad di tional num bers or let ters (see Martin -
son et al., 1987; Railsback et al., 2015). Hence, lo cat ing these
turn ing points on iso tope curves al lows cal cu lat ing du ra tion of the 
inter gla cial on the con ti nent (see Sánchez GoÔi et al., 1999).

The in ter val se lected for cor re la tion spans the ter mi nal pine
zone of the Holsteinian, and three pine interstadials (O-3, O-5
and O-7) and four steppe stadials dom i nated by Ar te mi sia (O-2, 
O-4, O-6 and O-8) in the post-inter gla cial part (Fig. 2B). The
first two interstadials rep re sent a ma ture for est grow ing at
higher tem per a tures than the third one. The O-4 stadial rep re -
sents prob a bly the short-term phase and the O-8 stadial is the
lon gest one. Within these warm and cold stages, nu mer ous mi -
nor os cil la tions were also ob served. Each interstadial starts
with a quick suc ces sion of ju ni per fol lowed in the first two
interstadials by birch for est with larch. Such for est rep re sents
partly post-fire veg e ta tion as in di cated by abun dant Pteridium

spores (Biñka and Nitychoruk, 2013). Scots pine for est is a cli -
max com mu nity. A sim i lar pat tern was noted also at Praclaux in
Cen tral Mas sif, in the two long, re li able re cords of the Early
Saalian (Reille et al., 2000) and at Schöningen in Ger many (Ur -
ban et al., 1991; see Fig. 3).

Com pre hen sive stud ies of the pol len rain and the ac tual
veg e ta tion in south ern Si be ria (Pelánková and Chytrý, 2009)
show that steppe com mu ni ties oc cur in this re gion within the
mean tem per a ture range from –20 (–27)°C in Jan u ary to 17
(20)°C in July. Cer tainly, substage b of the O-8 stadial is char ac -
ter ized by lower Jan u ary tem per a tures than oth ers, as in di cated 
by a lower pol len con cen tra tion, higher NAP, and the de cline of
car bon ate sed i men ta tion. In south ern Si be ria, ma ture dry pine
for ests are lim ited by the mean tem per a ture range from –19 to
–29°C in Jan u ary and from 14 to 16°C in July. In turn, the pine
for est in north ern Fin land, which may also serve as an an a logue 
of interstadial com mu ni ties, oc curs from –14 to –16°C in Jan u -
ary and from 12 to 13°C in July (Kultti et al., 2006). Re con struc -
tion of palaeotemperatures, based on post-fire veg e ta tion and
quick se cess ion al ini tial phases, is rather im pos si ble.

The age of the ex am ined se quence re sults from the age of
the un der ly ing inter gla cial de pos its. Typ i cal suc ces sion of main
plant com po nents, the pres ence of two intra-inter gla cial cli mate
os cil la tions: OHO and YHO, in dic a tive exotics, e.g. Pterocarya,
and cul mi na tion of yew in the first half of the se quence prove its
Holsteinian age (Biñka and Nitychoruk, 2013). We can find the
same fea tures in the suc ces sions in the Cen tral Mas sif, Ger -
many and Great Brit ain (Turner, 1970; Ur ban et al., 1991; Reille 
et al., 2000).

MARINE RECORDS OF THE EARLY SAALIAN

Nu mer ous d18O iso tope re cords (planktic and ben thic
foraminifera) as well as alkenone-based SST re con struc tions
are the cru cial in stru ment in cor re la tion of ma rine events with
those on land. Some of the re cords seem to be more valu able.
These re sult ing from so phis ti cated stack ing tech niques show
clear iso to pic cold and warm stages, which gen er ally sug gest
the pres ence of such gla cial and inter gla cial stages on land.
How ever, there are se ri ous prob lems in cor re la tion of smaller
ep i sodes, which are re ferred to as stadials/interstadials in con ti -
nen tal Eu rope. Stacks com posed of more than a sin gle sec tion
do not elim i nate, in fact, “noise” er rors, but may cause that the
real os cil la tion of lower am pli tude is smoothed out as a side ef -
fect, e.g. in the SPECMAP pro ject (Imbrie et al., 1984) and
LR04 stack (Lisiecki and Raymo, 2005). The first one in the
post-op ti mal in ter val of MIS 11 noted only a sin gle interstadial,
the sec ond one in di cated a smooth tran si tion from a warm cul -
mi na tion to the gla cial in cep tion.

Con tin u ous os cil la tion of the curves is a sub stan tial prob lem 
in cor re la tion of mi nor cli ma tic events in the d18O re cords, apart
from the low-res o lu tion se quences. In the case of sta -
dial/interstadial units we can not firmly eval u ate their num ber or
de ter mine their cli ma tic sig nif i cance. The multispecies planktic
d18O iso tope curves from core MD01-2443 (de Abreu et al.,
2005) show so many vari a tions in the dis cussed pe riod that
iden ti fi ca tion of clear trends is not pos si ble. Sim i larly, in the
IODP Site U1313 re cords (Stein et al., 2009; Voelker et al.,
2010), both ben thic and planktic d18O curves show a se ries of
quick os cil la tions hard to cor re late with those at Ossówka. Sim i -
lar prob lems arise while ana lys ing re cords from the core MD03 -
-2669 and the ODP Sites 1056/1058 (Voelker et al., 2010).

There are only a few sites with clearly de lim ited mi nor events. 
In the ODP Site 980, the post-op ti mal part of MIS 11 is punc tu -
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ated by 2–4 un doubted interstadial ep i sodes (McManus et al.,
1999), whereas the MD01-2446 re cord re flects 3 post -inter gla -
cial warm and cold events with the de scend ing trend of SST
(Voelker et al., 2010). How ever, even in these cases, pre cise es -
ti ma tion of the SST level for stadials and interstadials is dif fi cult.

Alkenone-based SST re con struc tions (U37
k ¢ ) at the same sites

pro vide, in our opin ion, the most re li able data, re cord ing even a
short-lived cli ma tic ex cur sion. The high-res o lu tion re cord of core
MD03-2699 un doubt edly stands out among the few ones avail -
able (Voelker et al., 2010; Rodrigues et al., 2011). It is as tound -
ing that each stadial/interstadial phase in the Ossówka core has
its close equiv a lent in the alkenone curve as re gards both its rel -
a tive mag ni tude and sed i men ta tion rate (Fig. 2A).

Dur ing the first two interstadials, 6 and 7 on the curve of
Rodrigues et al. (2011) and O-3 and O-5 at Ossówka, sea sur -
face tem per a ture in creased to 15.8°C. The end of interstadial 6

marks the on set of MIS 10. In the suc ceed ing interstadial (bi par -
tite interstadial 3-4 in MD03-2699 and O-7 at Ossówka) the SST
de creases to ~14.5°C. At Ossówka, the O-7 interstadial is also
bi par tite. How ever, we are treat ing this mi nor re cur rence of
colder con di tions with birch and ju ni per as a sin gle phase. The
SST in the post-Holsteinian stadials var ies from 13.3 to 14.1°C
with rare, sharp down ward shifts. Stadials 5 and 6, sep a rated by
a small rise of SST (interstadial 5) as es tab lished by Rodrigues et 
al. (2011), can be the equiv a lent of the O-6 stadial at Ossówka.

At the MD01-2443 site, three interstadials are also noted af -
ter the full inter gla cial con di tions (Martrat et al., 2007), two of
which dis play the same SST (~17°C) and the third one is char -
ac ter ized by the lower SST (14.5°C), a value equal to that from
stadial 4 in MIS 10. This is in com pat i ble with the pat tern es tab -
lished for the suc ces sion at Ossówka. Sim i larly, in the MD01-
 2444/2443 com pos ite se quence (com pris ing four supercycles), 
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Fig. 2. Cor re la tion of alkenone-based re cord (U37
k ¢

) of deep-sea core MD03-2699 (A – af ter Rodrigues et al., 2011) 
with the main pol len zones of the Holsteinian and Early Saalian se quence from Ossówka in east ern Po land 

(B – sim pli fied pol len di a gram af ter Biñka and Nitychoruk, 2013)

OHO – Older Holsteinian Os cil la tion; L PAZ – lo cal pol len as sem blage zone; interstadials in red and stadials in blue af ter 
Rodrigues et al. (2011). Elon gated rect an gle marks the tem per a ture range cor re spond ing with the pine for est in east ern Po land



U37
k ¢  SST for the first two interstadials of the Weichselian (see

Fig. 4) is al most the same as for the Holsteinian.
The IODP Site U1313 alkenone curve in the dis cussed in -

ter val shows three interstadials af ter a ma jor warm peak, with
rel a tively sim i lar mag ni tude as at Ossówka, but it suf fers from
lower res o lu tion (Stein et al., 2009). How ever, SST lev els of the
third one (16°C) are in this case the same as the tem per a ture of 
the stadial be tween the first and the sec ond interstadial. The
du ra tion of some Early Saalian phases in the alkenone re cord is 
also quite dif fer ent from those at Ossówka and in the core
MD03-2699.

As re gards the cor re la tion power of alkenone re cords, the
MD03-2699 site re cord, in which we can pre cisely find equiv a -
lents of all post-inter gla cial os cil la tions, is ab so lutely the best of
these three ones. It is note wor thy that OHO is clearly marked in
all three alkenone (U37

k ¢ ) re cords (stadial 9; Rodrigues et al.,

2011), ~14,000 years af ter the on set of the inter gla cial. In Eu -
rope, OHO is vis i ble as a short-lived pe riod of 350 years at
Marks Tey (Turner, 1970) and 220 years at Dethlingen (Koutso -
dendris et al., 2010), in di cated by a re treat of more de mand ing
plants. In the pol len di a gram from Kali³ów in east ern Po land
(Biñka and Nitychoruk, 1996) we can see, how ever, that this
event is an el e ment of long-last ing cli mate de te ri o ra tion, re -
corded by a grad ual rise, cul mi na tion (with birch) and de crease
of pine, in di cat ing a de creased sum mer and win ter tem per a -
tures and pre cip i ta tion. It cer tainly lasted not less than
1500–2000 years. Such a pat tern of grad ual SST de crease and 
its ab so lute short min i mum at ~412 ka (stadial 9; Rodrigues et
al., 2011) is noted in the alkenone SST curves. This im plies that 
the in flu ence of the At lan tic cir cu la tion in east ern Po land di min -
ished ear lier and this cool trend lasted lon ger than the OHO at
Ger man sites.
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Fig. 3. Stra tig ra phy of the Ferdynandovian in the £uków se quence and cor re la tion be tween
 the Holsteinian/Early Saalian from Mas sif Cen tral, Schöningen and Ossówka

A – Ar te mi sia steppe, P – pine for est



PRE-HOLSTEINIAN INTERGLACIAL 
IN THE ALKENONE RECORDS

A bi par tite suc ces sion at £uków starts with an ini tial birch/pi -
ne zone fol lowed by a de cid u ous tem per ate for est, fi nal pine for -
ests of the first warm phase, two-phased steppe stadials with a
short in ter ven ing pine interstadial, pine for est, tem per ate horn -
beam for est, pine for est, long steppe pe riod stadial, and fi nally by 
an interstadial with de clin ing pine for est (Pidek and Poska,
2013). The Ferdynandovian Inter gla cial it self com prises only a
part of the £uków suc ces sion. It is rep re sented only by two inter -
gla cial-rank warm ings with the ini tial/fi nal pine for ests (Fig. 5).

In the strati graphic schemes of both Po land and West ern
Eu rope, this inter gla cial is at trib uted to MIS 15 (older tem per ate

stage) and MIS 13 (youn ger one) in the Cromerian Com plex
(Zagwijn, 1998; Lindner et al., 2013; Ta ble 1). At £uków, the es -
ti mated tem per a ture range for pine for ests is from –12 to
+15°C, and for steppe veg e ta tion from –17°C and –10 to +15°C
(Pidek and Poska, 2013).

On the alkenone SST curve of Rodrigues et al. (2011) we
use the bound ary of 15.8°C for de lim it ing the pres ence of ma -
ture pine for ests of the first two Saalian interstadials and of the
on set/end of the Holsteinian. The area out lined above this limit
(Fig. 2) shows the inter gla cial con di tions with tem per ate veg e ta -
tion. There can be some doubt that this bor der ing line de lim its
sim i lar zones in other MIS pe ri ods. MIS 15, as sug gested by
deu te rium and d18O curves (Lisiecki and Raymo, 2005; Jouzel
et al., 2007), is tri par tite and di vided by a long pe riod of ~30,000
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Fig. 4. Cor re la tion of alkenone-based re cord (U37
k ¢

) of deep-sea core MD01-2444 (B – af ter Martrat et al., 2007) with the main
strati graphic units of the Eemian and Early Weichselian from Czaple, east ern Po land (A – sim pli fied pol len di a gram 

af ter Biñka and Nitychoruk, 2011)

For ex pla na tions see Fig ure 2



years with cooler con di tions. The MD03-2699 alkenone re cord
shows that the third cul mi na tion of MIS 15 (Fig. 5) and the short
warm in ter val dur ing MIS 14 are the only pos si ble po si tion for
each of the nine pol len zones from £uków, in clud ing mi nor sep -
a ra tion of steppe by a pine ep i sode. The whole £uków se -
quence, in gen eral, can be cor re lated with the sec ond op ti mum
of MIS 15, cov er ing also al most com pletely MIS 14 (Fig. 5). De -
spite the fact that MIS 15 is rep re sented by three warm seg -
ments vis i ble in the LR04 stack, the two inter gla cial-rank warm -
ings from £uków can not be co in ci den tal with them, be cause
such a long colder stage be tween them has not been con firmed 
in nu mer ous Pol ish se quences. A char ac ter is tic fea ture of the
sec ond op ti mum is veg e ta tion dom i nated by horn beam, not by
trees usu ally ex pand ing at the be gin ning of the inter gla cial.
Carpinus, Quercus and Betula rep re sent ectomycorrhiza-de -
pend ent trees. Horn beam oc curs in the later stages of inter -
glacials, when re sources of the eas ily avail able phos pho rous
be come lower (Kuneš et al., 2011). Once the tem per ate stages
of the Ferdynandovian were sep a rated by a 30,000 years long
pe riod of colder veg e ta tion, the sur face of the ter rain would be
re freshed as a re sult of geomorphologic pro cesses and the ex -

pan sion of trees de pend ent on arbuscular myccorrhiza (early
inter gla cial stages) would be quite likely. It is the ad di tional ar -
gu ment for a rel a tively short time sep a rat ing the two op tima of
this inter gla cial. 

The SST pro file from MD03-2699 shows that the pine for est
at £uków, like in the Early Saalian at Ossówka, ex isted un der a
sim i lar range of SST, from 14.5 to 15.8°C, and that the tem per -
a tures of the two op tima were lower than those in the
Holsteinian. Du ra tion of the strati graphic units at £uków, ex -
pressed by the sed i men ta tion rate, is sim i lar to their equiv a lents 
in the alkenone record.

The Holsteinian and Ferdynandovian interglacials (ir re -
spec tive of their in ter nal dy nam ics), un der stood as the tem per -
ate suc ces sions from ini tial “birch/pine to the fi nal pine”, are of
vary ing du ra tion, as in ferred from ma rine and lam i nated ter res -
trial re cords. In the ma rine sec tions, it is, how ever, not pos si ble
to in di cate pre cisely the on set/end ing point of “full inter gla cial
con di tions”. Nev er the less, given that the SST level of ~15.8°C
in the MD03-2699 re cord is cor re lated with a pine for est of the fi -
nal Holsteinian and the first two Saalian interstadials at
Ossówka, we can es ti mate du ra tion of both the ma rine “warm
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Fig. 5. Cor re la tion of alkenone-based re cord (U37
k ¢

) of deep-sea core MD03-2699 (B – af ter Rodrigues et al., 2011) with the main 
pol len zones of the se quence from £uków (A – sim pli fied di a gram, af ter Pidek and Poska, 2013)

P/B – pine/birch for est, S – steppe com mu ni ties, T – tem per ate veg e ta tion; interstadials (arabic nu mer als) in red and stadials in blue
af ter Rodrigues et al. (2011). Elon gated rect an gle marks the tem per a ture range cor re spond ing with the pine for est in east ern Po land 



full inter gla cial con di tions” and their an a logue on land. It is
worth-not ing that the alkenone-based SST of ~15.8°C in the
MD03-2699 is char ac ter is tic also for the AllerÝd Interstadial
(Rodrigues et al., 2011). At the B³êdowo site (Biñka et al., 1991) 
a pine for est formed vegetational cover at that time too. Inter -
gla cial bound aries, thus out lined, al low es ti mat ing du ra tion of
the Holsteinian. The es ti mated age of 393–426 ka (33 ky) is
very close to that at Ossówka. The du ra tion of the Holsteinian
(~25–30 ky) is ac cepted in most re cent stud ies (see over view in 
Tzedakis et al., 2012; Candy et al., 2014). The first tem per ate
op ti mum at £uków, cal cu lated �from pine to pine� and cor re lated 
with the third cul mi na tion of MIS 15, lasted ~15 ky (from 580 to
565 ka BP), while the up per horn beam op ti mum with the bor -
der ing pine for ests – ~8 ky (from 563 to 555 ka). Du ra tion of the
whole se quence from £uków is there fore ~40 ky. The bor der ing
points mark ing inter gla cial con di tions in the MD03-2699 SST
re cord re sult in an ex tremely long du ra tion of the inter gla cial pe -
riod po si tioned with this ap proach within MIS13 – equal ~57 ky
(from 536 to 478 ka BP). Be cause the es ti mated age of the
whole MIS 13 is ~60 ky (Rodrigues et al., 2011) this inter gla cial
would com prise al most the en tire iso tope stage – an ex cep -
tional sit u a tion in com par i son with other MIS. This warm stage
im i tates to some ex tent a cli mate change dur ing the Holsteinian 
with the first phase colder than the sec ond one (fir horn beam
zone) fol low ing the OHO (Voelker et al., 2010; Candy et al.,
2014) as can be seen in ma rine and ter res trial re cords. How -
ever, tem per a ture es ti mates of the first half of MIS 13 in the
MD03-2699 core were sim i lar or in con spic u ously higher
(16–16.3°C) than these in di cat ing the pres ence of a pine for est
in east ern Po land. They were de cid edly lower than the
so-called first cold pla teau of the Holsteinian, dom i nated in Po -
land by spruce, yew and al der. Du ra tion of this very long bo real
pe riod is ~18 ky. Later, we can ob serve in the alkenone SST re -
cord a long cli ma tic op ti mum phase with SST of 17°C, with two
18°C os cil la tions.

In Eu rope, the se quence of the Rhume Inter gla cial from
Bilshausen (Luttig and Maarleveld, 1962; Müller, 1965) ap -
pears to cor re spond well to MIS 13. It is cor re lated with the
Kärlich Inter gla cial and treated as an equiv a lent of MIS 11 or
MIS 13 (Kühl and Gobet, 2010). It is also po si tioned be tween
the Cromerian IV and the Holsteinian and cor re lated with the
Ferdynandovian (Bittmann and Müller, 1992; Gaudzinski et al.,
1996). Geyh and Müller (2005) treated the Rhume Inter gla cial
as the coun ter part of MIS 11 sit u ated be low the true Holsteinian 
(MIS 9). The se quence seems to be in com plete and in the pol -
len di a gram there is a lack of ini tial zones, prob a bly fi nal ones
and un iden ti fied frag ments of tem per ate in ter vals, prob a bly re -
moved dur ing ac cu mu la tion of sand lay ers. Lam i nated sed i -
ments in di cate that this inter gla cial lasted ~25 ky (Kühl and
Gobet, 2010) or 30 ky (Müller, 1965).

In the pol len di a gram from Bilshausen, the first rel a tively
sta ble pe riod of pine – spruce for est with small ad mix ture of
tem per ate trees, ~10 ky long, re sem bles sig nif i cantly the ‘bo -
real’ pla teau of the first half of MIS 13 re flected in the
MD03-2699 re cord, which lasted ~18 ky. Be low this se quence,
Müller (1992) de scribed lam i nated de pos its, ~8 ky long, which
are hard to in ter pret with out a re newed in ves ti ga tion with sig nif i -
cantly higher res o lu tion. It does not rep re sent in our opin ion
three inter stadials but a sin gle long and cold in ter val. In the
alkenone scheme (MD03-2699, Rodrigues et al., 2011), only an 
ep i sodic interstadial with the SST at the “pine level� is noted
(two sam ples) be low MIS 13 in the cor re spond ing pe riod, which
was prob a bly too short to es tab lish a for est at Bilshausen. The

warm tem per ate pe riod lasted ~13 ky at Bilshausen. This
phase, like at Ossówka, is in ter rupted by the short-term
“YHO–like” event, in which fir was al most com pletely re moved
from plant com mu ni ties. 

Dif fer ent na tures of the Holsteinian and the Rhume
interglacials, de spite their ap par ent re sem blance in clud ing long
du ra tion, “YHO-like� ep i sodic de cline of fir and horn beam, and a 
long pe riod with a cool bo real for est in the first half, are in dis put -
able. The dif fer ences are sub stan tial with the oc cur rence of
OHO noted in the Eu ro pean sec tions in ves ti gated with higher
res o lu tion, e.g. at Ossówka, Dethlingen (Koutsodendris et al.,
2010, 2012) or Marks Tey (Turner, 1970). The late pres ence of
Pterocarya is also di ag nos tic. In Po land, its pol len con tent is up
to 10%. The ar gu ment used by Candy et al. (2014) about lo ca -
tion of the Holsteinian palaeolakes on the thick An glian/Elste -
rian/Sanian 1 till, de pos ited by one of the great est glaciations in
Eu rope, is not with out sig nif i cance. In Po land, nu mer ous
Holsteinian lakes, of ten ex ten sive, deep and with thick de pos its, 
were also a re sult of this pro cess. The com monly rec og nized
early cul mi na tion of yew, e.g. in many sec tions of Po land, at
Dethlingen and Mun ster-Breloh (Müller, 1974a), at Döttingen
(Diehl and Sirocko, 2008) or in the Cen tral Mas sif (Reille et al.,
2000), marks prob a bly a max i mum sea level highstand in the
warm part of MIS 11.

There is no doubt that fluc tu a tions of SST in the MD03-2699 
re cord be tween MIS 10 and MIS 15 are re flected by cli mate and 
veg e ta tion changes in east ern Po land. Does it mean that cli ma -
tic con di tions off the Ibe rian Pen in sula in flu enced weather in
such re mote ar eas? To day, the MD03-2699 site and oth ers in
the vi cin ity, are strongly af fected by the sub trop i cal Azores Cur -
rent (AC) di verg ing from the Gulf Stream, and by the Por tu gal
Cur rent (PC) as the south ern branch of the North At lan tic Cur -
rent (advecting freshly ven ti lated wa ters to the south) (Voelker
et al., 2010; Rodrigues et al., 2011). Ac cord ing to Rodrigues et
al. (2011), Pleis to cene fluc tu a tions of SST in the MD03-2699
re cord re flect the lon gi tu di nal mi gra tion of the Po lar Front and
sub trop i cal wa ter masses, mod el ling cli ma tic con di tions in
warm and cold phases off the Ibe rian Pen in sula. It seems to be
an un likely sit u a tion that the wes ter lies from this re gion in flu -
enced sub stan tially and di rectly the cli mate in Po land. To day,
the trop i cal mar i time air mass from this re gion ap pears in Po -
land only spo rad i cally through out the year. How ever, at all sites
ana lysed in this pa per, sur face wa ters are fi nally trans ported in
var i ous forms from the Gulf Stream and the North At lan tic Cur -
rent (NAC). Hence, we think that rather gen eral changes in this
cur rent sys tem in duced changes in the weather in Po land.

UNCERTAINTIES IN CORRELATION OF MARINE
AND TERRESTRIAL STAGE BOUNDARIES

This prob lem has been best rec og nized for the Eemian
Inter gla cial (cf. Tzedakis, 2003), but should be also valid for the
ear lier interglacials. A lag of the Eemian ter res trial bound aries
with re spect to the ma rine ones was de ter mined. The age of the
Eemian could be es ti mated by com par ing the curve of sea sur -
face tem per a ture based on the ben thic and planktic d18O re cord 
in the deep-sea core MD95-2042 off south-west Por tu gal
(S«nchez GoÔi et al., 1999; Shackle ton et al., 2002) and the ar -
bo real pol len (AP) per cent ages from Bispingen in Ger many
(Müller, 1974b). Ma rine ev i dence sug gested that inter gla cial
con di tions in the sea were ini ti ated al ready at 132 ky BP and ter -
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mi nated at 115 ky, whereas the Eemian, re corded by the pol len
di a gram in the deep-sea core MD95-2042, was re ported as
last ing from 126.1 ka to 109.7 ky (cf. Shackle ton et al., 2002).

This lag, how ever, is most dis tinct if com par ing the tem per -
a tures based on ben thic ev i dence. SST, de ter mined based on
planktic d18O in the core MD95-2042, is much closer to ter res -
trial es ti ma tions. Cer tainly, the ter res trial inter gla cial could start
ear lier and ter mi nate later in south ern Eu rope. Even tual de lay
of ini tial inter gla cial con di tions on land in this re gion could in di -
cate high de pend ence of ter res trial veg e ta tion on wa ter cir cu la -
tion in the North At lan tic, and, es pe cially, re place ment of the
NAC by cold Arc tic cur rents pre vail ing dur ing cli mate de te ri o ra -
tion at the end of the inter gla cial. Such tight re la tion of ma rine
and ter res trial con di tions at the end of the inter gla cial was in di -
cated by a sud den drop of SST, re flected by alkenone anal y sis
of the core MD95-2042 at 113-111 ka. This cool ing pre sum ably
ap peared al ready at ~115 ka on the Brit ish Isles (Shackle ton et
al., 2002).

A high de pend ence of en vi ron men tal con di tions in north ern
con ti nen tal Eu rope on the NAC was sug gested for the Eemian
and Early Weichselian (cf. Marks et al., 2016). At that time,
east ward in creas ing continentality was typ i cal for the Eemian
and the fol low ing warm interstadials (Amersfoort, Brörup and
Odderade), but west ward in creas ing continentality dur ing the
in ter ven ing colder stadials (Herning, a cold phase be tween the
Amersfoort and Brörup, Rederstall). An east ward de creas ing
trend of continentality in Eu rope dur ing cold stadials could re sult 
from a re mark ably less dy namic NAC and ex ten sive sea-ice
cover in the North At lan tic, fa vour ing, among oth ers, per ma frost 
aggradation on the ad join ing land.

CONCLUSIONS

In the light of the above con sid er ations, the lo ca tion of the
Holsteinian and the Ferdynandovian in the strati graphi cal
frame work of the Pleis to cene is be yond dis pute. They can be
cor re lated with warm phases of MIS 11 (Holsteinian), and with
the up per op ti mum of MIS 15 and a small part of MIS 14
(Ferdynandovian; Ta ble 1). 

It is jus ti fied to as sume that the equiv a lent of MIS 13 is the
Rhume Inter gla cial.

We give clear, cred i ble an swers to the ques tion how long
the ter res trial equiv a lents of the warm in ter vals of MIS 11 (~33
ky), MIS 13 (57 ky) and part of MIS 15 and MIS14 (15 and 8 ky)
are. In the case of MIS 13, the du ra tion of the inter gla cial is un -
usual. The es ti mated, ex tremely long time span of the con ti nen -
tal inter gla cial within MIS 13 makes it the lon gest one known
from the Quaternary period.

Alkenone-based SST re con struc tion (U37
k ¢ ) is the most re li -

able method to in ves ti gate the more sub tle cli ma tic trends re -
corded in ma rine cores, whereas the re sults, based on the ox y -
gen iso tope re cord (ben thic and plank tonic foraminifera), al low
for only par tial mod el ling of cli ma tic changes, es pe cially those
of higher mag ni tude.
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