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Abstract: A stratigraphic approach to the Quaternary which takes into account
the changes in climate (Pleistocene cold stages = glacials, and Pleistocene warm
stages = interglacials, with considerable variations in temperature and humidity),
and appearance and disappearance of ice sheets in certain areas. Reduced ice
sheets might have remained during the interglacials.
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Introduction

The essential units of the stratigraphic division of the Quaternary are
assumed to be the long stretches of time characteristic periods: cold stages (“gla-
cials”) and warm stages (“interglacials”). The term “glaciation” — exactly ice covers
increase, however, is frequently applied as a synonym of “a cold stage,” although
the enormous spatial and temporal variability of the former does not warrant its
identification with a glacial, or a long stretch of cold climate (Stankowski 1995).

Certain areas may become covered with ice during either a glacial or an intergla-
cial. The present condition of the Earth furnishes clear proof of this postulate.

The current ice situation of the Earth illustrates the differences in the glacia-
tion phenomena between the Southern and the Northern hemisphere, and be-
tween various areas within a hemisphere. More confirmation of this diversity
may be found in the development of ice in ocean water and in the changes in the
environmental properties of the oceans (which often appear at an angle to the
parallels of latitude), as evidenced, e.g., by the distribution of the zones of the
various spins of the shells of Globigerina pachyderma in the North Atlantic
(Ericson & Wollin 1964).

The results of the latest isotope tests of ice profiles in the Antarctic and Green-
land show that during the last 100,000 years the number of warm periods in the
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Southern hemisphere (nine events) differed from their number in the Northern
hemisphere (twenty-two events), see Bender et al. 1994. W. C. Broecker 1994
describes a major climatic fluctuation in the Northern hemisphere during the last
35,000 years, or during the most recent glaciation of this part of the planet.

It must be emphasized that geological, paleoenvironmental and paleoclimatic
data proof the lack of coordination in the glaciation phenomena in the Northern
hemisphere during the last cold stage, i.e., during the last 100,000 years. The
development of the ice sheets in Europe and North America, the changes in their
area over time, and the rate of their disappearance were not fully synchronous.
Data in support of this statement may be found in Patterson et al. 1977; Kozarski
1981; Rasmussen 1982; Fulton 1984; Lindner 1987, 1992, etc. We are also aware
of significant differences in the time of the glaciations of Spitsbergen on the one
hand and Scandinavia and Central Europe on the other during the last cold stage
(Baranowski 1977; Lindner et al. 1986).

The lack of simultaneity in the glaciation of the Earth becomes even more
striking when we investigate the matter throughout the Cenozoic.

Depending on the adopted criteria, the Cenozoic is considered to have begun
between 3.4 and 0.6 million years ago. Its commencement is usually considered
to be marked by changes in the species of benthonic foraminifera: the extinction
of Globorotalia tosaensis, Globorotalia miocena and Globorotalia obliques,
which lived in warm water, and the development of Globorotalia truncatulinoi-
des, adapted to cold water. This took place during the Olduvai positive paleo-
magnetic episode, app. 1.87-1.67 million years ago, during the middle part of the
Matuyama geomagnetic epoch. Still, this period cannot be related to a relevant
global milestone in the history of ice cover development — glaciations.

The earliest traces of small ice sheets appeared in the Northern hemisphere
app. 2.5 million years ago. However, the last “ice age” — time with extensive ice
covers development, started only 950,000 years ago, and possibly as recently as
700,000-600,000 years ago. The older, pre-glacial periods — time with no ice
covers, of the Quaternary are referred to as the pre-Pleistocene, the proto-Plei-
stocene and the eo-Pleistocene.

Evidence from the Southern hemisphere proves that huge ice covers began
there in mid-Eocene (app. 54 million years ago). As of mid-Oligocene (app. 32
million years ago) we are dealing with extensive glaciations. The Polish studies
of the Antarctic contributed to confirming these postulates (Birkenmajer 1990,
1992). Since that period, the glacial phenomena have been continuing incessant-
ly, although the area of the ice sheets has undergone substantial changes.

Mega-glacials and mega-interglacials

During many periods of the pre-Cenozoic, the glacial phenomena
were extremely long and extensive, taking the form of glaciations and the deve-
lopment of periglacial areas (Hambrey & Harland 1981). The earliest geological
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data which are indicative of the cold stages and the concomitant glaciations,
come from 2.3-2.6 billion years ago. Such periods are separated by equally
lengthy periods when the phenomena typical of cold regions became insignifi-
cant or altogether ceased.

Thus, we may distinguish “mega-glacials” and “mega-interglacials” in the
past of the Earth.

The last “mega-interglacial” took place during the Mesozoic and the early
Tertiary. There is no evidence of cold climate, not to mention glaciations, neither
in the far North nor in the far South. Even as recently as in the Paleocene,
deciduous forests of a composition similar to the woods of present-day Southern
Chile grew in the Antarctic.

The last “mega-glacial” started in the Eocene. This date is attested to by the
paleotemperatures of ocean water inferred from the isotope composition of the
shells of the planktonic and benthic foraminifera. Beginning with the Eocene, the
temperature of ocean water both at the surface and at large depths started to fall
down steadily, a general tendency whose effects were at times amplified by the
markedly colder climate (van Andel 1991).

Between the Eocene and the Oligocene, the paleotemperature and paleoenvi-
ronment of the Earth abruptly changed. The composition of the vegetation in the
Antarctic altered radically, with only patches of stunted plants surviving, and the
developing ice sheets reaching the sea coast in numerous places. At the same
time in Northern Canada, the local flora, fond of warm climate, was replaced by
forests typical of a more moderate clime. Europe, including Poland, was invaded
by several varieties of pine. The resin of these trees produced the large amounts
of amber in late-Eocene deposits. The abundance of amber and its abrupt appe-
arance are indicative of the changes in climate (the “Terminal Eocene Event”).
A significant change in temperature occurred in the water of the North Sea, as
testify the data on oxygen isotopes (Buchart 1978).

A characteristic of the last “mega-glacial” was the lack of simultaneity of the
development and lateral extent of the cold areas, and in particular of the related
glaciations. The paleogeographical evolution due to the plate tectonics was of
primary importance. Secondary changes occurred in the orographical condition,
producing differences in the elevation of land, and consequently affecting the
organization of the tiers of climate.

The global geological processes were accompanied by modifications in the
solar radiation, of varying intensity and duration (Imbrie & Palmer Imbrie 1979;
Wysoczanski-Minkiewicz 1981; Kozarski 1986; Lemon 1990; Han-Shou Liu
1992).

The cyclical quality of the changes in the thermal condition of the Earth is
evidenced by numerous phenomena occurring both in water and on land. In the
oceans, the number and characteristics of the planktonic foraminifera varied in
keeping with such changes (Ruddiman & Mclntyre, [in:] Lindner 1992), water
level fluctuated extensively (Fairbridge 1961), and isotopic characteristics under-
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went modifications (Shackleton & Opdyke 1973). On land, periglacial landscape
periodically appeared, and glaciations took place in mountains and large areas of
continents (cf. the detailed discussion of this matter in Lindner 1992).

During the last “mega-interglacial” i.e. in upper Mesozoic and lower Ceno-
zoic time, the climate fluctuated to cooler and warmer conditions, but all over the
Earth not any glacials occur.

During the last “mega-glacial,” there was a number of long periods of cold
and warm weather, which ought be considered “cold stages” and “warm stages,”
what is tradicionally call glacials and interglacials.

Glacials and interglacials

In the course of the lengthy “cold stages,” water and land were cove-
red with ice at various moments and locations. This happened on several occa-
sions during each stage; accordingly, a characteristic of a “glacial” is the occur-
ring of a number of glaciations (ice covers) separated by periods during which
the area of ice sheets was radically reduced. Even at the times when the ice sheets
diminished maximally, certain locations in various regions of the Earth remained
covered with ice.

It must be emphasized that during the “warm stages,” i.e. the “interglacials”,
the ice sheets survived in a vestigial form, and in certain areas only slightly
reduced. The current ice situation of the Earth is a case in point.

Based on the collected data on the warm and cold stages of the Quaternary
and the glaciations, the stratigraphy of that period has been described. The first
account of that issue was Penck & Bruckner 1909. Since that time, the terms
“glacial period” and “glaciation” of any particular area very often are thought to
be synonymous. In fact, they should be approached as representing different
stratigraphic and environmental levels. Evidence in support of this postulate may
be found in the characteristics of the sediments and relief of both oceans and
continents.

The well-known climatological and stratigraphic division of the Pleistocene
in Rézycki 1964 should in fact be applied to all of the Quaternary, with the orders
slightly rearranged.

Within the “mega-glacials,” the units of the highest order are cold stages
= glacials, and warm stages = interglacials. In the course of a unit of either type,
the thermal condition of the Earth underwent considerable periodical variations.
Accordingly, the essence of such units is the occurrence of a series of climatic
pessimum and optimum. Their results were glaciation phenomena developing
over time and space: on some occasions, increased ice cover on water and the
expansion of areas of long-lasting permafrost; on other occasions, the spreading
of the ice sheets, both on the water areas and principally on continents; and at yet
other times, the virtual cessation of glaciation phenomena. Outside glaciated
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areas changes in temperature and humidity are noticeable during periods referred
to as “pluvials” and “interpluvials (e.g., in Northern Africa).”

As we have already mentioned, a number of climatic pessimum and optimum
may be distinguished in the course of a cold or warm stage, the magnitude of the
pessimum being smaller during a warm stage, and of the optimum, smaller
during a cold stage. This phenomenon contributes to the alternation of glacials
and interglacials.

The latest data demonstrate that several ice covers = glaciations may occur in
the course of a single glacial period, and several separate optimums, ranking as
“interglacials” according to paleobotanical criteria, in the course of a certain
warm stage.

Nevertheless, various regions of the Earth may remain frozen or glaciated
during either a glacial or an interglacial (although to a distinctly lower degree).
Glaciation takes place, and its most conspicuous sign is the development of ice
sheets.

The development of ice covers — glaciation and disappearing of ice covers
— deglaciation happening during a glacial period may be classified by units of
a lower order, called glaci-stadials and interglaci-stadials. The latter are broken
down into glaci-phases and interglaci-phases, and sub-phases, as defined in Ko-
zarski 1962, may also be included in this taxon.

The taxonomic units of the lowest level are glaci-oscillations. Evidence of
these is available both from the geological study of the Pleistocene and from
historical records. Their instances are the oscillations described in Kozarski 1962
and it can be the Little Ice Age too.

Given this approach to the climatic changes during the Quaternary and the
development and disappearance of well proved ice sheets in certain areas, the
fundamental chronostratigraphy of the Polish Quaternary (based on the R6zycki
1972, Lindner 1992 and Ber — in print) may be summarized in the following
manner:

the Quaternary

the pre-Pleistocene
the Pleistocene
the earliest glacial
the Narew ice cover (glaciation)
the Podlasian interglacial — equivalent of Cromer Complex
the South Polish glacial
the Nida ice cover (glaciation)
inter....... (deglaciation)
the San ice cover (glaciation)
the “Great Interglacial” — equivalent of Holstein Complex
the Middle Polish glaciation
the Odra ice cover (glaciation)
inter....... (deglaciation)
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the Warta ice cover (glaciation)
the Eemian interglacial
the North Polish (Weichselian) glacial
long term periglacial conditions
the Baltic ice cover (glaciation)
the Holocene (the present interglacial)
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