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Ab stract
The pre sented cli ma to stra tigra phy of the Holo cene on the ter ri tory of Po land is based on a range of bi otic, sedi men to -
logi cal, geo mor pho logi cal and iso topic rec ords, but also takes into ac count fluc tua tions of tem pera ture and hy dro logi -
cal re gime. The author up holds the tra di tional di vi sion of the Holo cene into three ther mic phases and dis cusses in
de tail dis tinct fluc tua tions in the hy dro logi cal re gime re flected in the al tera tion of wet ter and drier phases. Al though
their pro files tend to be blurred, the lower bounda ries of the wet ter phases, which set off the trans for ma tion of geoe co -
sys tems (a pro cess re flected in the first clus ters of ex treme events), may be used to iden tify re gional stra tigraphic sub -
di vi sions. The su per im posed phases of hu man ac tiv ity have much smaller spa tial ex tent.

Key words: Holo cene, cli ma to stra tigra phy, wet ter and drier phases

BACK GROUND OF HOLO CENE
STRA TIGRA PHY

In so far as Qua ter nary stra tigra phy is based on cli ma to -
stra tigra phy, it is in par ticu lar valid for the Holo cene. For that 
pe riod we have at our dis posal con tinu ous rec ords in ter res -
trial and ma rine sedi ments as well as in ice sheets, some of
them pro vid ing an an nual scale (lami nated la cus trine de pos -
its, tree rings etc.) and al low ing year- by- year es ti mates. It is
the lat ter data that have been cor re lated with the in stru men tal
me te oro logi cal and hy dro logi cal in di ca tors. For the ter ri tory
of Po land we have con tinu ous rec ords of the last 12,870
years of the an nu ally lami nated la cus trine sedi ments of Lake
Goœ- ci¹¿ (Ralska- Jasiewiczowa et al. 1998) and a 3800- year 
den dro chro no logi cal scale (Kr¹piec 1998). The Lake
Goœci¹¿ pro file is used as a stan dard ref er ence scale for the
cor re la tion of re sults ob tained by means of vari ous meth ods.

In the re con struc tion of cli matic varia tions spe cial at ten -
tion has been paid to bi os tra tigraphic meth ods. Changes in
plant com mu ni ties un der the im pact of varia tions in tem pera -
ture and pre cipi ta tion reg is tered in Po land in doz ens of dated
pro files from lakes and peat bogs have been the sub ject of a
com pre hen sive study (Ralska- Jasiewiczowa, Lata³owa
1996) and their palaeo geo graphic pic ture pre sented in the
form of iso pol len maps (Ralska- Jasiewiczowa et al. 2004).
Si mul ta ne ously all peat land ra dio car bon rec ords re flect ing
hy dro logi cal changes have been ana lysed us ing sta tis ti cal
meth ods (¯urek, Pazdur 1999).

The analy sis of Cla do cera as sem blages has been help ful
in es ti mat ing fluc tua tions of lake lev els and their tro phy
(Sze roc zyñska 1998), while the mala co logi cal method has
been used to trace ther mic and hy dro logi cal changes in car -
stic, slope and swampy de pos its (Al ex androwicz et al. 1987).

The par al lel use of li to stra tigraphic meth ods is par ticu -
larly im por tant in case of un sta ble en vi ron ments. It en ables
us to rec og nize tem po ral changes in ver ti cal se quences of de -
pos its as well as in the trans ver sal sec tions (of val leys, peat -
bogs), fre quently show ing their diachro nous char ac ter.
Among them are the fa cial changes in la cus trine litto ral
zones (Niewia rowski 1995, Ralska- Jasiewiczowa et al.
1998) and in river val leys. The lat ter reg is ter the chan nel,
over bank and pa leo chan nel fa cies and par al lel fills re flect ing
phases of vari ous flood fre quency (Starkel ed. 1990, Starkel
et al. 1996). Other as pects of the li thol ogy of de pos its are
raised in stud ies on their chemi cal and iso topic com po si tion,
among them on 18O, which point in di rectly to varia tions in
tem pera ture and in sedi ment sources (Ró¿añski et al. 1992).

An ad di tional role in the con struc tion of stra tigraphi cal
di vi sion of the Holo cene is played by the geo mor pho logi cal
meth ods, es pe cially in the study of flu vial en vi ron ment with
its ter race lev els and gen era tions of pa laeo chan nels formed
through cut- offs or avul sions (Starkel 1983, 1990, Kalicki
1991). Pa laeo chan nels de liver pa rame ters for the re con struc -
tion of pa laeo dis charges (Rot nicki 1991). The la cus trine ter -
races and lev ees carry im por tant in di ca tions of the fluc-
tua tions of lake lev els (Niewia rowski ed. 1995, Ralska-
 Jasiewiczowa, Lata³owa 1996).

The main role in dat ing of cli matic changes, apart from
an nu ally dated tree rings and an nu ally lami nated lake sedi -
ments, re stricted mainly to se lected lo cali ties or to shorter
events, is played by ra dioi so topic meth ods. Some of them
cover only the last cen tu ries (137Cs, 210Pb). In the Holo cene
scale none is as im por tant as the ra dio car bon (14C) method,
al though ra dio car bon dates re quire cali bra tion and ac cu racy
of cali brated 14C ages gen er ally does not ex ceed 100–200
years. The cli matic sig nal of each date has a re stricted lo cal or 



re gional value and must be cor re lated with com ple men tary
in for ma tion. The dated sam ple is usu ally col lected close to
the bor der be tween two dif fer ent fa cies or lay ers of vari ous
granu lo met ric com po si tion, which is as sumed to re flect the
cli matic change (Ralska- Jasiewiczowa, Starkel 1988). Con -
se quently we get data, which is both post- quem or ante- quem
in re la tion to the ex pected change of cli mate. While try ing to
cor re late vari ous pro files or vari ous phe nom ena we should
bear in mind that most changes pro ceeded gradu ally both lo -
cally (like the ris ing of wa ter level in peat or la cus trine de pos -
its) and on re gional scale (like the suces sion of spe cies
con nected with cli mate warm ing). Like wise it should be
noted that the en vi ron mental re ac tion pro ceeded at a vary ing
pace, in volv ing some de lay in re la tion to the as sumed cli -
matic change (as in the case of gla cial ad vance in re la tion to
heavy pre cipi ta tions reg is tered in flood sedi ments).

CHAR AC TER IS TICS OF CLI MATIC
CHANGES DUR ING THE HOLO CENE

The cool ing of Younger Dryas was fol lowed by a warm -
ing at first rapid ca. 11500 years BP, that gradu ally, be gin -
ning from 5–4 ka BP, re versed to wards cool ing. This model
has been rec og nised since dec ades (Lamb 1977). The main
cli matic changes of the Holo cene dis cerni ble in the evo lu tion 
of the vege ta tion cover, moun tain gla ciers and depo si tions of
cal care ous tufa form the back ground for the three fold di vi -
sion of the Holo cene into a short Eo holo cene (which would
be much longer if we in clude about 3 ka of the Late Vis tulian,
with Böl ling and Al leröd), Meso holo cene and Neo holo cene
or Late Holo cene (cf. Fir bas 1949, Neus tadt 1982). The tim -
ing of pres ent in ter gla cial is de layed in re la tion to the cy clic
changes of or bital pa rame ters (Kukla 1969). Holo cene tem -
pera ture fluc tua tions are rela tively gen tle with only one rapid 
shift at the lower bound ary, clearly visi ble in the Goœci¹¿
Lake pro file.

Dis tinct hy dro logi cal changes which formed the back -
ground for the first Scan di na vian di vi sion of the Holo cene
with al ter nate drier phases (Bo real, Sub bo real) and wet ter
ones (At lan tic, Subat lan tic) were traced in bog pro files by
Blytt and Ser nan der about a hun dred years ago (Ser nan der
1910). Later, more de tailed stud ies have helped to dis tin -
guish a suc ces sion of shorter phases also on the ter ri tory of
Po land. They in volve vari ous ge netic types of sedi ments: la -
cus trine, peat bogs, al lu via, cal care ous tufa, col lu via, cave
de pos its and are es pe cially well reade ble in the pol len, mala -
co logi cal and other rec ords. In ef fect at least 5–8 wet ter
phases, gen er ally sev eral hun dreds years long, sepa rated by
rela tively drier pe ri ods have been rec og nised in Cen tral
Europe (Starkel 2002, 2003a, b, Fig. 2), con nected with fluc -
tua tions in so lar ac tiv ity (Cham bers et al. 1999). These varia -
tions are re flected in the ra dio car bon pro duc tiv ity curve
(Stuiver 1995). Most of the phases of re duced so lar ac tiv ity
co in cide with wet ter phases rec og nised in moun tain gla cier
ad vances, rises of lake and ground wa ter lev els and in in -
crease of flu vial and land slide ac tiv ity (Magny 1993,
Schrirmer 1995, Mar gie lewski 1998, Starkel 2003a). These
phases have been dated in flu vial en vi ron ment at 8.5–7.8,
6.5–6.0, 5.4–4.9, 4.4–4.1, 3.5–3.0, 2.4–2.0 14C ka BP, 450–
575 AD, 900–1150 AD and 1550–1850 AD (cf. Starkel et al.
1996). Some of these phases like 8.5–8.0 14C ka BP clearly
co in cided with high vol canic ac tiv ity, which ad di tion ally
caused an in crease in the fre quency of heavy rain falls (Star-
kel 1999a). Moreo ver, in the course of the last 2000–3000
years the pro cesses of en vi ron mental changes have been be -
come more com plex due to the in creased role of hu man ac tiv -
ity, es pe cially since the late Ro man pe riod and then dur ing
the last mil len nium caus ing an ac cel era tion in run off, sedi -
ment load and rise of ground wa ter level (Starkel 2005).

AGE BOUNDA RIES AND IN TER NAL
COM PLEX ITY OF WET TER PHASES

Ana lys ing the age bounda ries of sin gle phases on the ba -
sis of rec ords of changes in vari ous de po si tional en vi ron -
ments (fa cies), we may con clude that the re cord ing of
be gin ning and the end of phase in one fa cies may be nei ther
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Fig. 1. Im pre cise dat ing and me tach ro nous char ac ter of wet ter
phases dur ing the Holo cene (con cep tual model). On the left: in di ca -
tors of heavy rains and wet ter pe ri ods re corded in vari ous sedi ments 
and habi tats – floods in al lu vial sedi ments, land slide ac tiv ity,
changes in vege ta tion, higher lake lev els. On the right: im pre cise
length and flexi ble time bounda ries of wet ter phases. 1 – mean du ra -
tion of wet ter phase; 2 – tran si tional pe ri ods; 3 – mini mum de via -
tions of ra dio car bon dates lim its of wet ter phase.



clear nor syn chro nous. Even more, a com pari son of vari ous
en vi ron ments (fa cies) shows fre quently a dis tinct me tach -
ronity of changes (Starkel 2003a).

The be gin ning and the end of each wet ter phase (gen er -
aly, also the cooler one) is first of all bur dened with a mar gin
of un cer tain ity which may ex ceed 100 years. Then, we have
to al low for a pe riod of grad ual ad ap ta tion of com mu ni ties or
de po si tional en vi ron ments to the new con di tions char ac ter -
ized by an in crease or de cline in the rain fall to tals and their
fre quency. There fore the to tal fluc tua tion of the phase
bound ary may ex ceeded 200 years (Fig. 1).

At the same time the changes reg is tered in dif fer ent
enivi ron ments show ei ther a rapid re sponse to hy dric change
or sig nifi cant de lay (Starkel 2003a). The de bris flows in the
Ta tra Mts. were trig gered off by high in ten sity down pours
(Ko tarba, Baumgart- Kotarba 1997). Con tinu ous rains pro -
duced floods di rectly re flected in the river chan nel changes
and over bank depo si tions. The on est of a wet ter phase re -
sulted also, with some de lay, in marked ac cu mu la tion of cave 
de pos its and in land slide for ma tion. It took much longer for
lake lev els in the low lands to rise. Even more de layed in time

were the ad vances of gla ciers in the Alps. The im pact of the
wet ter phase on the vege ta tion cover usu ally pro ceeds in two
phases, marked by the ar ri val and re treat of hy dro phi lous
spe cies. With over bank de pos its bor dered by two mem bers
of or ganic depo si tion we are in a bet ter po si tion to es tab lish
the ap proxi mate age of the be gin ning and end of flood depo -
si tion (Starkel et al. 2006, Fig. 1).

The con struc tion of re gional cli ma to stra tigraphic di vi -
sions in volves the dif fi cult ques tion of where or how to put
the bounda ries of stra tigraphic pe riod. Should they be placed
at the be gin ning and the end of the ob served wet ter phases or
should we ac cept the diachro nous bounda ries, in dif fer ent
de po si tional and bi otic en vi ron ments. This ques tion is com -
pli cated by the fact that in many cases we can find only the
sedi ment mark ing a peak value re flect ing the cli matic change 
(like the peak of Al nus in the pol len dia gram, the high est lake
wa ter level) or we have only a date of a sin gle event like a
flood or a de bris flow from the be gin ning or from the late
phase of a hu mid pe riod.

It is here that we touch a sub stan tial ques tion on the in ter -
nal struc ture of the wet ter phase, the du ra tion of which may
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Fig. 2. Phases of wet ter cli matic ex pressed in vari ous types of sedi ments and habi tats on the ter ri tory of Po land (af ter vari ous sources): A –
Starkel et al. 2006; hori zon tal lines in di cate cli ma to stra tigraphic units dis tin guished in S- Polish river val leys by L.Starkel (1990, 1999); B –
Starkel 1990, Starkel et al. 1996; C – Kr¹piec 1998, Starkel et al. 1996; D – Ralska- Jasiewiczowa, Starkel 1988; E – ̄ urek, Pazdur 1999; F –
Niewia rowski 1995, Ralska- Jasiewiczowa et al. 1998, and oth ers; G – rec ords in Pazdur et al. (eds) 1999; H – rec ords in Pazdur et al. (eds)
1999; I – Starkel 2003a, based on Mar gie lewski 1998 and oth ers; J – Ko tarba, Baumgart- Kotarba 1997.



range sev eral hun dreds of years and may be no longer than
the mar gin of er ror or the length of a tran si tional pe riod. A de -
tailed analy sis of the wet ter and cooler pe ri ods of the Lit tle
Ice Age (Brad ley, Jones 1992) shows that a phase of about
300–350 years long com prised sev eral epi sodes of de ca dal
du ra tion with high fre quency of heavy rain falls and floods
which are se patated by pe ri ods of much lower fre quency
(see: Fig. 2 in the pa per by L. Starkel, this vol ume p. 24). This
clus ter ing of ex treme events led to serve dis tur bances and
changes in the geoe co sys tems and fi nally to the trans for ma -
tion of river chan nels, flood plains and even plant com mu ni -
ties (Starkel 2003a). A de tail sur vey of a small al lu vial fan at
Pod grodzie in the Wis³oka val ley dated be tween 8400 and
7800 14C yrs BP has shown that this hu mid phase of more
than re gional range also con sisted of sev eral clus ters of ex -
treme events (Niedzia³kowska et al. 1977, Starkel et al.
1996). With the help of greater number of data from that pe -
riod from lo cali ties in vari ous cli matic zones it should be pos -
si ble to give shape to the con cept of the in ter nal struc ture of
wet ter phases dur ing the Holo cene, char ac ter ised by high
am pli tudes of me te oro logi cal pa rame ters and fre quent clus -
ters of ex treme events (Starkel 1999, see p. 24 this vol ume).

DIS CUS SION

In the 1970- 90s, I re peat edly at tempted to pres ent a cli -
ma to stra tigraphic scheme for ter ri tory of Po land in com pari -
son to other stra tigraphic di vi sions of the Euro pean Holo cene 
(Starkel 1977, 1990).

It was based to large ex tent on the analy sis of flu vial
sedi ments and forms in the Up per Vis tula ba sin, where sev -
eral wet ter phases with high fre quency of ex treme events
have been rec og nized (Fig. 2). The ques tion is if the ex pre -
sion of that rhyt micity of hy dro logi cal fluc tua tions with out
sharp bounda ries can be a ba sis for a stra tigraphic di vi sion of

the Holo cene in Po land. It should be also men tioned that the
ter ri tory of Po land has not had an uni form cli mate, which is
in di cated not only in the present- day di ver sity of eco sys tems
but also by the dif fi cul ties en coun tered in cor re la tion of den -
dro chro no logi cal stan dards in lon gi tu di nal tran sect across
Po land (Kr¹piec 1998). At the same time the co in ci dence of
the three main Holo cene phases with high lake level (ca
8.5–8.0, about 4.5 and 2.5–2.0 14C ka BP), in creased flu vial
ac tiv ity, land slid ing etc. on the ter ri tory of whole Po land in -
di cate that at least these three phases were syn chro nous
(Starkel et al. 1996, Starkel 2003b). There fore I would be
ready to up hold my pre vi ous prin ci ples of Holo cene stra -
tigra phy af ter a mi nor modi fi ca tion within the three fold di vi -
sion. These lower or der bounda ries should be placed at the
be gin ning of the wet ter phases, be cause these phases seem to
be the main driv ers of char ac ter is tic changes that fol lowed
suit in the geoe co sys tems (Fig. 2). These be gin nings are
marked off pre cisely by the first clus ters of ex treme events
and not by cul mi na tions of high lake lev els or changes in for -
est com mu ni ties (which fol lowed). In agree ment with the
analy sis of bi otic and abi otic in di ca tors of changes (cf.
Ralska- Jasiewiczowa, Starkel 1988) these rela tively shorter
hu mid phases were pe ri ods of de struc tion of in her ited plant
com mu ni ties and geo mor phic sys tems. The sta bi li za tion of
the new sys tems fol lowed at the close of wet ter phases or
even later.

An other in trigu ing ques tion con cerns the in cor po ra tion
of an thro po genic ac tiv ity phases in the re gional sub di vi sion
of the Holo cene. This ques tion has been dis cussed by sev eral
authors, whose views di verge a great deal (Ber glund 2003,
Fren zel 2000, Starkel 1993). Tak ing South ern Po land as a
case in point I have tried to dem on strate that the hu man fac tor 
may be su per im posed on cli matic fluc tua tions in a number of
ways (Starkel 2005). For in stance the phase with high fre -
quency of ex treme rain falls dur ing the Dark Ages (5–6th cen -
tury AD) was ex pressed in fre quent floods with chan nel
avul sion and re for es ta tion but not in over bank depo si tion
(Starkel et al. 2005). By con trast, the in ten sive soil ero sion
es pe cially in the loess pla teaus of South ern Po land dur ing the 
late- Roman pe riod (1st–3rd cen tury AD) was mainly of an -
thro po genic ori gin (Fig. 3). The su per po si tion of in ten si fied
hu man ac tiv ity on the wet ter phases is docu mented dur ing
the Fun nel Beaker cul ture (the tran si tion be tween 5–4th mil -
len nia BC), the pe riod of the Lu sa tian cul ture (10–6th cen -
tury BC) in the 11th cen tury AD and dur ing the Lit tle Ice
Age. Hu man ac tiv ity, ex pressed in the ac cel era tion of wa ter
and mat ter cir cu la tion, usu ally had a lo cal or at most re gional
char ac ter. There fore it would be dif fi cult to in clude it as one
of ele ments mak ing for the stra tigraphic di vi sion of the Holo -
cene across the ter ri tory of the whole coun try.
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