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Analysis of the Antarctic ice-core records, primarily, from the Dome C station, has been carried out. It has 
been demonstrated that the paleoclimatic records of the Antarctic ice cores represent the global climate changes 
in the Pleistocene. A brief comparison of the new concept of the orbital theory with of paleoclimate the 
Milankovich theory and the theories of his followers has been made. The correlation of δD record with the 
orbital-climatic diagram revealed their essential similarity that indicates in particular the possibility of direct 
impact of eccentricity variations of insolation on the climate change during the last 800 thousand years. The 
global climate fluctuations within glacial–interglacial cycles (particularly in the Antarctic cyclical pattern of 
temperature variations with amplitude of more than 10 °С), are most likely to have been reflected in the changes 
of the Earth’s cryosphere, which, in turn, were also subject to orbital cyclicity, with the 41 and 100 thousand-year 
periodicities predominating in the Pleistocene. 

Orbital theory, paleoclimatic records from the Antarctic ice cores, eccentricity

INTRODUCTION

History of the Pleistocene glacial phenoma stu-
dies has been almost two centuries long. Given a huge 
amount of the available empirical paleoclimatic data 
resulted from numerous studies of both deep-sea 
and continental deposits of different origin, they offer 
insights into the environmental changes coincident 
with the glacial–interglacial cycles. These data also 
reflect changes in the global ice volume, as well as in 
the atmospheric composition and state (temperatu-
re, humidity and circulation). However, there is still 
no good theory capable of providing explanation of 
the striking global climate oscillations. Dozens of 
theoretical versions have been brought up, though, 
often cancelling each other out [Schwarzbach, 1955]. 
The most developed and recognized among them 
is the orbital (or, astronomical) theory of the pa-
leoclimate, given rise to in the middle of the 19th cen-
tury [Adhémar, 1842; Croll, 1875; Bol’shakov et al., 
2012]. 

It is quite obvious that developing theory on this 
phenomenon consists not only in non-conflicting ac-
count of the accumulated empirical evidences, but it 
should provide some predications about the direc-
tions of further progress of the said phenomenon, in 
case the system parameters change, which is of vital 
importance these days, given the anthropogenic im-
pact on the environment. It stands to reason that a 
theory providing a well-substantiated explanation of 
the empirical evidences will corroborate the data in-

terpretation approaches, existing at the time the the-
ory was conceived. 

This issue is also on the front burner in the de-
velopment of the Pleistocene glacial cycles theory. 
Despite the viewpoint on the repeated continental 
glaciations in the Pleistocene is considered over-
whelmingly dominant, some researchers doubt or 
deny it. Therefore, the creation of a well-defined the-
ory on Pleistocene glacial cycles would be a weighty 
argument in favor of the continental glaciation con-
cept.

J.D. Hays, John Imbrie and N.J. Shackleton 
[Hays et al., 1976] while investigating deep-sea cores 
from the Indian Ocean back in 1976 revealed that the 
climate variability over the past 500 thousand years 
is at least by 80 % attributed to orbital variations 
with the characteristic periodicities of about 100, 41, 
23 and 19 thousand years, which agreed well with the 
paleoclimate-related orbital hypothesis on the global 
climate oscillations governed by the insolation varia-
tions associated with quasi-periodic changes in the 
orbital parameters. However, those same data evi-
denced essential contradictions with the theory of M. 
Milankovitch, admittedly, the basic version of the or-
bital theory [Milankovitch, 1939]. 

The attempts to modernize the Milankovitch 
theory (MT) have been of no avail in solving the at-
tendant problems, among which of prior importance 
still remain the so-called problems of the 100,000-
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year period, and of the Middle Pleistocene transition. 
Their solution appears to consist in developing ideas 
about the mechanisms of global climatic variations in 
the Pleistocene, and in correlating the new theoreti-
cal developments with the most reliable, continuous 
and informative paleoclimatic records. The data de-
rived from ice cores from Antarctica are believed to 
be the records of the required quality.

In view of the above said it appears essential to 
juxtapose paleoclimatic records from the Antarctic 
ice cores with the conceptual statements of the novel 
orbital theory of the paleoclimate developed in 
[Bol’shakov, 2001, 2003, 2008; Bol’shakov and Kapit-
sa, 2011].

The new concept appears drastically different 
from traditional views on the recognition of climatic 
significance of variations in individual orbital ele-
ments. Its essence consists in rigorous consideration 
of the full annual and global variations in the insola-
tion caused by cumulative changes of the orbital ele-
ments allowing for location and record of the feed-
backs specific to each element and converting these 
insolation signals into climatic changes.

At this, it is stated that the impact strength of 
various feedback elements and their existence per se 
may vary depending on the current state of the global 
climate, for instance during thermo- and glacio-eras. 
This paper aims to consider in the light of the new 
concept, the influences of changes in the Earth’s orbit 
on climate oscillations (including the Earth’s cryo-
sphere) in the Pleistocene by the example of analysis 
of paleoclimatic records from the Antarctic ice-
cores.

PELEOCLIMATIC RECORDS FROM ICE CORES 
AND THEIR COMPARISON WITH THE SIMILAR 

DATA FROM DEEP-WATER AND ONSHORE 
GEOLOGICAL SEQUENCES

The varied levels of δD, δ18O, CO2, CH4, and 
dust content documented in ice cores represent by 
themselves indirect indicators (proxies) attributed to 
climate changes. They yield information on tempera-
ture variations (δD, δ18O), concentrations of green-
house gases, governing Earth’s thermal regime, 
whereas records of dust content in ice cores account 
for changes in the atmospheric circulation, in particu-
lar, its intensity. Nevertheless, they do not answer one 
of the key questions arising therewith, whether the 
records from the Antarctic ice cores account for re-
gional changes or bear the evidence of global climate 
oscillations. Merely comparing the Antarctic paleo-
climate records with the similar records from other 
parts of the world, obviously, will suffice. To this ef-
fect, the records are supposed to be continuous, well-
dated and informative of palaeoclimate changes, pos-
sibly, in the numerical form, convenient for analysis. 
These are the oxygen isotope (OI) curves for deep-

sea sediments and records of changes in the levels of 
biogenic silica (BioSi) in the Lake Baikal sediments 
(Fig. 1). According to [Karabanov et al., 2001], the 
changes in BioSi reflect interglacial and glacial (ther-
mochrons and cryochrons) episodes in the area of Si-
beria. In total, the Lake Baikal records encompass the 
12 Ma time period. The record’s chronology for the 
last 5 Ma is based primarily on the paleomagnetic 
data and on the assumption of a constant sedimenta-
tion rate within well-dated paleomagnetic levels. 
Fig. 1 represents the BioSi record for the past 800 kyr, 
according to [Williams et al., 1997], with our correc-
tions made to the age model by using methodology 
described in [Bol’shakov, 2003; Bol’shakov et al., 
2005].

 For comparison with the deep-sea OI-records, 
we have chosen currently the most applicable LR04 
benthic stack (Fig. 1, b) [Lisiecki and Raymo, 2005], 
which is a δ18O record globally averaged for 57 col-
umns of the World oceans in recent 5.3 Ma for ben-
thic (living in the near-bottom waters) foraminifera. 
Fig. 1, b shows the δ18O record, which is also attrib-

Fig. 1. Correlation of the paleoclimatic data on:
а – Dome C station, Antarctic Plateau [EPICA…, 2004]; b – glob-
ally averaged oxygen isotope record [Lisiecki and Raymo, 2005] 
(for convenience of correlation the δ18О values are multiplied 
by –1); the digits above the OI-curve represent the marine 
isotopic stages (MIS) numbering; c – BioSi content in the Bai-
kal record [Williams et al., 1997].
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uted to 800 kyr BP. Noteworthy is that the benthic 
δ18O variations are known to be proxies for global ice 
volume and deepwater temperature changes. Higher 
levels of the heavy oxygen isotope in the columns in-
dicate an increase in global ice volume and decrease 
in temperature (glaciation), succeeded by respective 
lowering of δ18O, and decrease in ice volume and tem-
perature increase (interglacial episode). Maxima and 
minima in the OI-curve are denoted by specific num-
bering. Peaking lower δ18O values (graphical maxima 
in Fig. 1, b) are marked by odd numbers (interglacial 
marine isotope stage – MIS), while the peaks of high 
δ18O values (graphical minima) are marked by even 
numbers (glacial MIS).

We have analyzed the variations in deuterium 
content in the Dome C station ice cores from Antarc-
tica [EPICA..., 2004] in this paper (Fig. 1, a), to com-
pare them with these paleoclimatic records. Ice-core 
records from this station cover the longest time peri-
od (740 thousand years). Deuterium variations were 
chosen because they are the most reliable and readily 
converted into temperature variations [Jouzel, 2013]. 
The time-scale of δD records from the Dome C station 
is derived from: a) calculated annual ice layers; b) cor-
relations with the deep-sea oxygen isotope stratigra-
phy; c) ice-flow model. 

When compared, these paleoclimatic records 
have shown a high degree of their similarity (Fig. 1). 
All major (100-kyr) glacial-interglacial climatic cy-
cles appear well pronounced. Moreover, the similarity 
of the internal structure of glacial-interglacial cycles 
is also observable in these records. The correlation 
coefficient in the stable isotope (δ18O and δD) re-
cords is equal 0.72; it increases to 0.8, when the δD 
curve is shifted toward δD-record rejuvenation by 
3,000 years.

The latter may be indicative of systematic incon-
sistencies in age estimate for paleoclimatic events 
documented in these records. However, it is not in-
conceivable that this fact reflects actual time shift in 
temperature records alone (for ice cores) and the re-
cords in global ice volu me + temperature for deepwa-
ter sediments.

Juxtaposition of the original paleoclimatic re-
cords from the Antarctic ice cores, LR04 benthic ma-
rine oxygen isotope stack against the Baikal lake 
sedimentation (Fig. 1) has led to the conclusion that 
the δD record from the Dome C station ice-cores basi-
cally represent extensive climate changes, which tend 
to occur unidirectionally and synchronously across 
the globe. In particular, the record reflects fluctua-
tions in global temperature with an amplitude of 
about 10 °C (at the core sampling site) during the 
glacial-interglacial cycle [Jouzel, 2013].

With these data taken into account, the assump-
tions on the extensive, continental ice sheet develop-
ing with cyclically repeated patterns primarily in the 
northern hemisphere, appear logical. Thus, an in-

crease (decrease) in global ice volume tends to be co-
incident with the global temperature decrease (in-
crease), which in turn drove variations in BioSi con-
tent in the Lake Baikal sediments. 

In broader terms, the glacial-interglacial cycles 
with about 100-kyr frequency are manifested in other 
indicators, characterizing the environmental evolu-
tion over the recent million of years. Changes in these 
indicators also agree with the overall picture of waxes 
and wanes of extensive glacial/interglacial episodes. 
First of all, these are considerable (with an amplitude 
greater than 100 m) changes in the world oceans lev-
el. Given that glaciers are fed from the ocean by means 
of water sublimation, it stands to reason that the ma-
rine transgressions proved coincident with melting of 
glaciers during interglacial episodes, while the regres-
sion events fell in with glacial periods.

The fact that these substantial fluctuations in 
sea level are consistent with glacial-interglacial cycles 
in the oxygen isotope chronology has been conclu-
sively established for at least the last 500,000 years 
[Frigola et al., 2012]. The correlation of δD (tempera-
ture) variations in Vostok station the core-ice records 
(Antarctica) with fluctuations in the world ocean 
level is provided in [Petit et al., 1999]. 

The formation of loess-soil horizons are also log-
ically associated with glacial-interglacial cycles. Gen-
erally, loess formation is associated with the periods 
of glaciation, which in turn are characterized by low 
temperatures and moisture content, and higher inten-
sity of atmospheric circulation (the latter is con-
firmed by an increase in concentrations of dust in the 
ice cores subsumed into the “glaciation periods”, 
characterized by decreasing temperatures or δD val-
ues [Kotlyakov and Lorius, 2000]).

Alternatively, soils formation occurs in intergla-
cial episodes, during which both moisture content 
and temperature tend to grow, and the climate ap-
pears less contrasting. The bottom line is, the paleo-
climate records from Dome C (and Vostok) stations 
appear to basically represent global climate responses 
over the period of 740 kyr BP. At the same time, the 
records have corroborated global nature of the paleo-
climatic changes, for example, in OI-data for the 
deep-sea sediments. Therefore, the δD record could 
be justifiably applied to verifying the theoretical in-
sights derived from different versions of the paleocli-
mate theory.

BASICS OF THE MILANKOVITCH THEORY,
ITS CONFLICT WITH THE EMPIRICAL

EVIDENCES, AND THE ATTEMPTS
TO MODERNIZE IT

At the present time, astronomical (orbital) theo-
ry is usually associated with the theory of Milutin 
Milankovitch, Serbian scientist [Milankovitch, 1939]. 
His theory is well known and has received almost 
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universal recognition. M. Milankovitch was the first 
to offer mathematically rigorous calculations for 
changes in the earth’s orbital insolation variations. 
Another example of the Milancovitch theory (MT) 
specificity distinguishing it from other versions of the 
orbital theory, is given below.

The MT determines climatic significance of 
changes in the orbital elements by the quantitative 
input of each to the calculated and plotted by him cu-
mulative insolation diagram (curve), whereas the gla-
ciation timing in the northern hemisphere for the past 
600,000 years is determined by the deepest minimum 
in the insolation diagram. According to MT, the 
Earth’s surface temperature at certain latitudes and 
seasons answer the corresponding changes in inso-
lation at these latitudes [Milankovitch, 1939, dia-
gram 4]. These conceptual tenets of MT should be ana-
 lyzed and checked against the empirical evidences.

The empirical data quality was improved prima-
rily due to the availability of deepwater sediment sam-
pling, accompanied by the development and applica-
tion of oxygen-isotope method, which resulted in an 
important discovery in the late 20th century. The 
work by [Hays et al., 1976] showed that major periods 
of climate oscillations over the recent 500 K years 
have been in most part coincident with the periods of 
major changes in the orbital elements. Moreover, the 
oscillations phases prove to have coincided, which 
leaves little doubt as to the existence of a relationship 
between major climatic oscillations in the Pleistocene 
with the insolation variations induced by the orbital 
forcing. The orbital hypothesis is thus has been ulti-
mately corroborated, which was of critical importan-
ce and later served as the basis for a number of discov-
eries. At the same time, the empirical data revealed 
considerable inconsistencies of the Milanko vitch the-
ory. Some of the controversies between the theory 
and empirical evidences have not been analyzed until 
just recently [Bol’shakov, 2001, 2003; Elkib bi and Rial, 
2001]. As was already mentioned, M. Milankovitch 
directly linked temperature variations at different 
planetary latitudes with the calculated variations in 
seasonal insolation for these latitudes.

The deepest lows in the insolation diagram, cal-
culated by him for the summer caloric half-year at 
65° N, he interpreted as glaciation periods in the 
northern hemisphere. Fig. 2 represents the main in-
consistencies (there are more than six altogether) of 
MT with the empirical OI-data: glaciation timing 
 inconsistency in the Milankovitch diagram for all ice 
ages with the OI-curve glaciations, and the absence 
of 100-kyr glacial-interglacial cycles in the Milanko-
vitch diagram.

The so-called problem of Middle Pleistocene 
transition (MPT) is yet another controversy, dealing 
with glacial-interglacial frequency shift from lasting 
41 to an average of 100-kyr, which had occurred abo-

ut 1240 thousand years ago [Bol’shakov, 2013b]. The 
original manifestation of the MPT-related theoretical 
conflicts is provided in [Tabor et al., 2014, p. 41].

The authors write: “One of the most intriguing 
inconsistencies between Milankovitch’s theory and 
proxy records is the lack of a strong precession signal 
in early Pleistocene (2.588–0.781 Ma) ice volume 
proxies (i.e., benthic δ18O from sediment cores), de-
spite the fact that precession accounts for most of the 
variability in high-latitude summer insolation ... This 
apparent failure of Milankovitch’s theory has led to 
new hypotheses for how orbital cycles influence ice 
volume”. 

Once the MT anomalies had been defined, the 
attempts were made to “mend” it, to make it capable 
of solving emerging issues and providing explanations 
of the specific features of climate cycles in the Pleis-
tocene. Initially, all the efforts undertaken to modern-
ize the theory boiled down to rationalizing the 100-
kyr cycle based on the Milankovitch theory. Also, 
 alternative theories have been brought up, one of 
which was outlined in the papers authored by [Muller 
and MacDonald, 1995, 1997].

 The authors link glacial-interglacial cycles to 
the variations of Earth’s orbit plane tilt relative to the 
invariant plane of the solar system, characterized by a 
dominant, almost the only period lasting 100,000 
years. Given that the position of the ecliptic plane in 
space changes, it is believed by the authors to cause 

Fig. 2. M. Milankovitch insulation diagram (а, 
insolation in the classical standard units) versus 
OI-curve LR04 (b).
W1–W3 – the Würm glacial stages (three); R1, R2 – the Riss 
glacial stages (two); M1, М2 – the Mindel glacial stages (two); 
G1, G2 – the Günz glacial stages (two). Glaciation periods cor-
responding to MIS 6, 8, 10 are not reflected in the Milankovitch 
diagram. 
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the Earth periodically enter into the stream of cosmic 
dust with greater or lesser density, which al ters the 
insolation and the Earth’s climate, respectively.

The frequency of the ecliptic obliquity varia-
tions, correlates fairly well with OI-curves, given the 
33,000-year delay in the climate response to the pos-
tulated new astronomical signal. This theory cast 
substantial doubt primarily due to a great phase shift 
time of the orbital signal and climate response. The 
second objection consisted in the fact that glacial-in-
terglacial cycles are quasi-periodic, thus proving the 
absence of constant 100-kyr period, which claims to 
be essential in the Muller and MacDonald theory.

The modifications to the Milankovitch theory 
were also made by A. Berger. Firstly, he recalculated 
the orbital elements variations, allowing for a more 
accurate approximation of orbits parameters and 
planets masses [Berger, 1977; Berger and Loutre, 
1991]. The inconsistency in the calculated by him on 
the basis of the Milankovitch method summer caloric 
insolation variations for various latitude, in particu-
lar for 65° N with the OI-data has allowed concluding 
that characterization of real paleoclimates in the Mi-
lankovitch theory by half-year caloric summer insola-
tion curves relying only on the identification of re-
spective peaks and lows alone appears illusory, as it 
always is prone to observable consistency [Berger, 
1978, p. 9].

That was why A. Berger suggested using month-
ly and even daily variations instead of half-year ca-
loric summer insolation for paleoclimatic interpreta-
tions. These conclusions drew on the following “Mi-
lankovitch half-year caloric summer insolation mask 
the interannual variability and its variations” and, 
therefore, past “climate modeling requires know ledge 
of daily or monthly-averaged insolation instead of or 
in addition to the Milankovitch seasonal insolation” 
[Berger, 1980, p. 116].

A. Berger’s reasoning for taking “intra-annual 
variability” into consideration requires using the 
mean monthly insolation variations for all months in 
the paleoclimatic interpretation. Later, however, he 
usually used only June (or July)-averaged insolation 
variations at 65° N, to perform various interpretations 
and in paleoclimate modeling.

The mean monthly insolation curve is distin-
guished from the half-year insolation curve, primarily, 
by increased contribution to the precession compo-
nent (as compared to the input from the Earth’s axis 
inclination variations). Thus, the introduction of the 
mean monthly insolation can be likened to using a 
half-year insolation for latitudes below 65°. Conse-
quently, this innovation introduced by A. Berger 
hardly helps to resolve the MT inconsistencies, which 
is illustrated in Fig. 3. 

Oxygen isotope record LR04 compared to the 
July insolation at 65° N in Fig. 3 has revealed a dis-
tinct dissimilarity of these curves, which was corrob-
orated by the mathematical analysis. Correlation co-

efficient of the two curves is equal to 0.24; it increases 
to maximum values (still low, though) of 0.34, if the 
insolation is shifted by 3 kyr forward.

The amplitude-frequency spectra of the two 
curves reveal that this dissimilarity is largely dictated 
by the two factors: a) the absence of 100-kyr harmon-
ics in the insolation spectrum, which was predomi-
nant in the paleoclimatic record; b) by inverse ratio of 
the precession contribution to the respective (paleo-
climatic and insolation) changes (the periods are 
about 23 and 19 kyr) to the Earth’s axial tilt (the pe-
riod is about 41 kyr). It is obvious that the precession 
has provided a major contribution to the insolation, 
whereas climate changes are driven to a greater ex-
tent (relative to precession) by a contribution from 
the Earth’s axial tilt variations.

J. Imbrie [Imbrie et al., 1993, p. 730] suggested a 
generalized conceptual model which identified “mas-
sive northern hemisphere ice sheets as the lar ger iner-
tial source which, by pacing interactions with the at-
mosphere, ocean, and lithosphere, produces the inter-
nal thermal forcing that drives the 100-kyr glaciation 
cycle… In this model, whenever the combination of 
the 41-kyr and 23-kyr cycles forces the size of the ice 
sheets to depart too far from equilibrium, the ice sheets 
themselves drive and pace me chanisms in the atmo-
sphere and ocean that channel climatic energy into 
the 100-kyr band. By changing the albedo, steering 
the winds, and altering the properties of air masses in 
contact with the ocean and land, the growth and de-
cay of ice sheets cause changes in the mode of ocean 
circulation. These mode shifts amplify the system’s 
initial, modest responses to external forcing by trans-
porting heat to boreal latitudes and by changing the 
concentration of atmospheric CO2”.

No explicit explanations have been provided, 
though, on how exactly the energy is transferred from 
the 23- and 41-kyr band into the 100-kyr band. So, 
the mechanism of a 100-kyr cycle occurrence remains 
unclear thus far, which has given rise to the numerous 
publications [Berger et al., 1999; Ganopolski and 
Calov, 2011].

The many efforts to improve MT over the past 
decades and, consequently, to develop of the orbital 
hypothesis have resulted in a number of significant 
achievements. The accumulated enormous wealth of 
the unique empirical evidences have formed the basis 
of ongoing research in this area. There was convinc-
ingly shown a relationship of changes in the earth’s 
orbital parameters and the resulting insolation varia-
tions with global paleoclimate changes. A new oxygen 
isotope climatic-chronological time-scale was devel-
oped for the Pleistocene, and new ages were paleo-
magnetically determined with Matuyama–Brunhes 
reversals, and so on. 

However, as expected, any attempts to improve 
the theory inconsistensies with the empirical evidence 
proved themselves controversial and unconvincing. 
Mo reover, those efforts did not aim at revisiting the 
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old theory, but focused on developing the new one, in-
stead, which all in all appears fairly vague and inco-
herent.

ON THE NEW CONCEPT
OF THE ORBITAL THEORY OF PALEOCLIMATE

The Milankovitch theory inconsistencies with 
the empirical evidence indicate that this theory has 
some drawbacks. Basically, they all come down to the 
following [Bol’shakov, 2001, 2003].

1. Feedback effects in the Earth’s climate system 
were almost neglected by M. Milankovitch in the pa-

leoclimate part of his theory. Thus, one of the most 
outstanding discoveries in the (paleo) climatology on 
the feedback mechanisms in the climate system made 
by J. Croll in the second half of the 19th century, re-
ceived no further developments.

2. In his paleoclimatic interpretations M. Milan-
kovitch did not take into account the total annual 
insolation variations, the forcings that measurably af-
fect the whole planet and are associated with all the 
orbital elements. He largely relied on discrete insola-
tion variations, instead (e.g. variations in summer ca-
loric half-year insolation at 65° N), which is not ad-

Fig. 3. Normalized variations in oxygen-isotope curve LR04 (line 1) and in July insolation at 65° N (line 2) 
[Berger and Loutre, 1991] for the last 1 million years (а).
The temporal-spectral analysis data on variations in: b – δ18О values, c – insolation. The digits above the curves denote the periods 
of the most significant harmonics of the corresponding variations, thousand years. 
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visable, given the specific character of the insolation 
variations caused by the varations in individual or-
bital elements.

It is implied here that the antiphase changes in 
precession insolation occurring semiannually (during 
winter and summer) in different hemispheres and at 
certain latitudes. They tend to lead, on the one hand, 
to the situation when the precession-driven insola-
tion variations equal zero throughout the Globe and, 
on the other hand, when annual insolation variations 
equal zero at any latitude. The insolation variations 
caused by oscillations in the degree obliquity tend to 
be in antiphase both in high and low latitudes, which 
does not alter global insolation,  either. It’s only eccen-
tricity variations that change total annual insolation 
received by the Earth, despite the va riations have 
proven inconspicuous, not greater than 0.2 % in the 
100-kyr cycle in the last 2 million years.

All in all, discrete insolation variations used by 
M. Milankovitch and his followers for paleoclimatic 
interpretations, and the more so, for the paleoclimate 
modeling can not be acknowledged properly, as they 
do not represent continuous and global, i.e. virtually 
producing changes in the insolation, caused by varia-
tions in each of the three orbital elements. 

Factoring in the total annual insolation varia-
tions at all latitudes allows considering the issue of 
the orbital elements forcing influences on the Earth’s 
climate from a standpoint essentially different than 
traditional.

Thus, after acknowledging major climate chang-
es over the last million years were associated with the 
100-kyr variations in eccentricity, it has become uni-
versally recognized that, given the relatively small 
eccentricity driven changes in insolation, the mecha-
nism for forcing such changes should be fundamen-
tally different than for insolation variations caused by 
two other orbital elements (it was assumed that di-
rect effect of eccentricity on global insolation varia-
tions could not have brought about that large (100-
kyr) glacial–interglacial cycles during 1 Ma BP). So, 
unlike the feedbacks from precession and Earth’s axi-
al tilt that were amplified equally (linearly), the ec-
centricity feedback was attributed to a non-linear 
amplification mechanism. 

However, given that a response to the orbital sig-
nals (i.e. climate change) are continuous and global, 
total continuous insolation input signal should also 
be taken into consideration, globally. Such composite 
input signal determined by precession and variations 
in the earth’s axial tilt angle (ε), is known to be equal 
zero, while the eccentricity signal is, albeit small, but 
greater than zero.

 From this perspective, only “non-linear”, i.e. ex-
ceedingly powerful, type of amplifying mechanism 
should be searched for converting the weak input sig-
nals from the first two orbital elements into a climat-
ic response, bearing in mind that they have zero val-
ues. The supporters of the Milankovitch theory in-

sists on the “discrete” insolation standpoint, anyway, 
which provides additional challenges to interpreting 
the empirical data in the context of the orbital theory 
of paleoclimate [Bol’shakov, 2013a]. This resulted in 
numerous articles published after 1976, addressing 
the problems of “100-kyr period” and “Middle Pleis-
tocene transition”. However, there has not been of-
fered any commonly accepted explanation for these 
phenomena thus far.

With the above-mentioned disadvantages of the 
“classical” Milankovitch and adherents’ theory in 
mind, a new concept of the orbital theory of paleocli-
mate has been suggested for its further development, 
aiming to adequately interpret the wealth of empiri-
cal evidences from the positions of the orbital theory 
[Bol’shakov, 2001, 2003]. It is formulated as follows. 
1. The extent and nature of climate changes driven by 
variations in orbital elements are largely dependent 
on the global paleoclimate state (from thermo-era to 
gliacio-era), most likely, controlled by both terrestrial 
and space factors. 2. Assessing climatic significance of 
each of the three orbital elements variations requires 
taking into account the specificity of continuous in 
time and space variations in insolation, at the same 
time accounting for and refining parameters of me-
chanisms of terrestrial climate feedbacks through 
which the  orbital signals are transformed into global 
climate change. 

Thus, a new concept is prompting a drastically 
different view on the mechanism responsible for glob-
al paleoclimate change. At this, given that the same 
empirical data have been analyzed by other research-
ers, new results and findings may be derived, essen-
tially differing from the authors’. On the basis of the 
new concept, a simplified method for plotting dia-
gram (curves) was proposed for paleoclimatic chang-
es, seemingly resembling the Milankovitch insolation 
diagram. Since orbital elements variations are consid-
ered to be the primary factor controlling climatic os-
cillations in the Pleistocene, the curve was termed 
“orbital climate diagram” (OCD) [Bol’shakov, 2003].

The OCD plots were based on the following te-
nets [Bol’shakov, 2000, 2001, 2003]: in the first place, 
the empirical evidence require factoring in direct in-
fluences of the three orbital elements variations, in-
cluding eccentricity (е); direct impact of variations in 
e is well-represented in OI-curves, not only for the 
period in which they change the most, but also in 
phase. 

The latter is characterized by е minima leading 
to a decrease in insolation are denoted by even num-
bers, accounting for cold stages in the OI-curve. In 
addition, as discussed above, direct forcing of eccen-
tricity in case of total insolation variations exposure, 
can be considered equal to those of orbital elements. 
Simultaneously, the feedback mechanisms should be 
developed individually for each orbital elements al-
lowing to transform respective signals into global cli-
mate response.



83

ORBITAL FACTORS OF IMPACT ON EARTH’S CRYOSPHERE

The requirement for continuous in time, i.e. ac-
tive throughout the year, and global (for the entire 
Earth) variations in insolation is satisfied as follows. 
OCD plotting drew on the most common, high-qual-
ity representations of the global climate driven by 
orbital elements variations. 

At this, it is assumed that due to changes in each 
orbital element (except for precession) a decrease in 
insolation results in cooling and, in parallel, global ice 
volume increases, whereas an increase in insolation 
produces warming and ice melting. These variations 
greatlyare enhanced through the involvement of pos-
itive feedback. When building OCD plots such global 
climate variations mechanisms (results) were instru-
mental, as the orbital elements in the Pleistocene, 
which logically follow from the influences of orbital 
parameters variations at insolation variations (cf. 
[Bol’shakov, 2003, 2010]).

1. A decrease (or increase) in the eccentricity 
leads to a corresponding decrease (increase) in inso-
lation and global cooling (warming). (The statement 
in [Melnikov and Smulskii, 2004, p. 4] constituted that 
with increasing eccentricity, insolation is reduced, 
must have been a misprint.)

2. A decrease (increase) in the Earth’s axial incli-
nation angle leads to a decrease (increase) in insola-
tion at high latitudes in both hemispheres and, ulti-
mately, given the albedo feedback mechanism, to the 
cooling (warming) in both hemispheres.

3. With precession variations taken into account, 
global glaciation, for example, will be favored by the 
climatic conditions with long cool summer (and short 
mild winter) in the northern hemisphere and long 
cold winter (and hot short summer) in the southern 
hemisphere, which occurs when the Earth is in aph-
elion in summer for the northern hemisphere.

OCD graphs representing variations in the last 
three orbital elements for the past million years were 
generated so that their minima fell in with cooling 
episodes. To this effect, changes in the precession in-
dex e sin w (where w is the longitude of the perihelion 
relative to the vernal equinox) were multiplied by –1. 
It appears logical to assume that the time intervals 
with the totaled lowest variations in all three orbital 
elements will be coincident with glaciation periods.

However, before adding graphs up to define the 
cumulative minimal values, the curves should be nor-
malized, as they reflect different (including those of 
physical nature) prameters of variations. As a result, 
each of the normalized curves of the orbital parame-
ters variations were limited by the interval from –1 
to 1. Then, calculating the cumulative change in the 
orbital elements by summing all the three graphs up, 
by now equally scaled, it is necessary to take into ac-
count that different orbital elements have different 
paleoclimatic significance.

As follows from the empirical evidences, accord-
ing to which different periods of climate change have 

different amplitudes (intensity) of these changes, 
which is consistent with our understanding of the im-
pact of structure of signals from individual orbital 
elements on their climatic response. Therefore, the 
normalized variations of each orbital element were 
given different weight (significance) to in terms of 
their impact on climate, which can be termed as cli-
mate impact factor (CIF).

The most conspicuous climatic changes within 
the period spanning the last million years are featured 
by intervals of about 100-kyr associated with eccen-
tricity variations. Therefore, the eccentricity curve 
received the largest CIF equal to 1. For other two or-
bital elements CIFs were selected, so that the result-
ing cumulative plot would be a best-fit curve for reli-
able (with sufficient resolution) oxygen isotope 
curves, which currently represent the most accurate 
records of global climate change.

These factors turned out to be equal 0.7 for the 
Earth’s axial inclination angle and 0.55 for precession 
forcing. As it is, OCD is a conditional relative proba-
bility (ΔР) of the onset of warm episodes (interglacial 
periods) for positive ΔР, or cool episodes (glaciations) 
for negative ΔР. Thus obtained OCD values were 
compared with oxygen isotope LR04 record in the 
range of 0–1240 kya and showed good similarity, giv-
en simplicity and transparency in plotting the OCD 
curve. The correlation coefficient of the two curves, 
taking into account the 5.5 kyr delay of the climate 
response to orbital forcing, is equal to 0.57.

ORBITAL CYCLES
IN THE DOME C ICE-CORE RECORD

To make correlations with δD from ice core re-
cord we used the updated OCD (new version, OCDn) 
with excluded effect of 400-kyr eccentricity harmon-
ics [Bol’shakov and Prudkovskii, 2013]. It was found 
out that the correlation coefficient for these curves 
(Fig. 4), given the 5-kyr climatic shift, is equal to 
0.76. Both curves explicitly exhibited 100-kyr eccen-
tricity-driven cycle, which corroborates the mecha-
nism of direct impact of eccentricity insolation signal. 
Conducting spectral-temporal analysis of the δD re-
cord is also required.

It should be understood that the results of this 
analysis are dictated by many factors. In the first 
place, these are the quality of records, in this case de-
termined by unambiguity of paleoclimatic interpreta-
tion of the selected indicator (parameter), by the ab-
sence of distortions in ice sedimentation or ice-core 
record in its entirety, the absence side factors (non-
climatic) in the paleoclimate record, the amplitude of 
change, correctness (accuracy) of the time scale. Dis-
tinguishing the main harmonics of temporal periodic-
ity depends on length of time series, sampling fre-
quency (time step) of the analyzed samples (speci-
mens) and even on stochastic behavior. Evidently, 
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these factors were marked during spectral analysis of 
the investigated record (Fig. 5).

Nevertheless, the conducted temporal-spectral 
analysis of the records has revealed orbital cyclicities. 
In Fig. 5, 96- and 115-kyr periods should be attrib-
uted to eccentricity, whereas 23- and 22.6-kyr periods 
to precession. Notably, the precession periods, as well 
as those on time-spectral diagrams for deep-water 

oxygen isotope records are the most weakly expressed. 
It appears more logical for ice core spectral diagram to 
exhibit a stronger manifestation (versus, e.g., deep-
water records) of 56- and 29-kyr-harmonics, standing 
out as the most prominent harmonic variations of the 
Earth's axial inclination, apart from the one with pre-
dominant 41-kyr periodicity [Berger and Loutre, 
1991], which may have been conditioned by relative 
changes in insolation due to the Earth’s axial inclina-
tion variations, with the largest confining to high lati-
tudes where Dome C station is located.

Given that the Earth’s axial tilt angle variations 
are manifested in the Dome C δD record stronger than 
precession variations, this is explained in the view of 
the new concept of the orbital theory of paleoclimate, 
by the following account of factors. Precession varia-
tions do not change annual insolation at any latitude, 
whereas associated with the Earth's axial tilt annual 
insolation variations at high and low latitudes, respec-
tively, do not equal zero.

Moreover, ε angle variations being single-phase 
in both hemispheres, these variations have a generally 
accepted amplification mechanism. It’s these factors 
that had, in our opinion, a greater impact on global cli-
mate change in the Pleistocene due to the Earth's ax-
ial tilt changes rather than precession variations. This 
was especially evident in the period of of 2.7–1.24 Ma, 
when deep-water OI-curves records showed overwhel-
ming predominance of 41-kyr climatic oscillations.

CONCLUSIONS

1. Correlation between δD records and orbital-
climatic diagram plots revealed their essential similar-

Fig. 5. Amplitude-frequency spectrum of the δD 
records in ice cores from Dome C station. 
The digits above the curve are the most significant in the peri-
odicity records (including orbital), thousand years. 

Fig. 4. The δD values in the Dome C station records (Curve 1) versus the orbital climatic diagram (OCDn) 
(Curve 2).
ΔР – relative probability of cooling and warming events.
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ity, indicating predominant influence of orbital inso-
lation variations on climate changes in Antarctica 
and, in particular, on the possibility of eccentricity 
forced insolation variations directly affecting climate 
changes in the last 800 thousand years.

2. Global climate oscillations during glacial-in-
terglacial cycles resulted in cyclicity of temperature 
variations with amplitudes greater than 10 °C, in the 
Antarctica, and are likely to have been reflected in 
the ongoing changes in the Earth’s cryosphere, on the 
whole. These changes in the cryosphere, in turn, 
should have been subject to orbital cyclicity, with 
predominating periodicities of 41- and 100-thousand-
year in the Pleistocene.
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