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Late Cretaceous transgressions and regressions
on the Russian Platform

DIMITRIJ P. NAIDIN*)

With 3 text figures

ABSTRACT

During the Late Cretaceous a generally smooth eustatic
transgression took place on the Russian Platform, in the Cri-
mea and in the Transcaspian region. It was replaced in the
middle of the Maastrichtian by a rapid eustatic regression. On
different parts of the Platform the general eustatic transgres-
sion has been interrupted by relatively shortterm regressions
determined either by an epeirogenesis or by a shallowing of
the sea as a result of its being filled out by sediments; some re-
gressions were of a eustatic nature. Data are quoted on Late
Cretaceous transgressions and regressions in Western Ka-
zakhstan (Eastern Precaspian, Mangyshlak) which supple-
ment material published earlier (NADIN et al., 1980a, b).

Temperature conditions of the seas that invaded the Plat-
form and its framework during the Late Cretaceous for the
time being can not be reconstructed to give a complete pictu-
re. It is obvious that in the middle of the Late Cretaceous,
when the sea areas have been largest owing to an expanding
transgression, the temperatures of sea water were higher than
during the Early Cretaceous. Various palaeontological data as
well as data of isotope palaeothermometry indicate the lowest
temperatures during the Late Cretaceous in the Early Maa-

strichtian. Apparently, in the Maastrichtian on the back-"

ground of an expanding regression a general “deterioration”
of the climate began, reaching its maximum at the beginning
of the Danian.

Some general statements are made regarding the evolution
of the climate at the end of the Mesozoic in connection with a

change in the land/sea (ocean) ratio, the fluctuations of CO,
concentrations in the atmosphere and the development of the
terrestrial and marine flora. The dispersal of organisms, their
taxonomic diversity during the Late Cretaceous in the general
scheme corresponded to E. VoicT’s (1964) suggestion that
thermophile marine organisms were most abundant in the
Cenomanian and Late Maastrichtian which is not directly as-
sociated with climatic fluctuations, but reflects a wide occur-
rence during these time intervals of shallow portions of the sea
floor subjected to a goad heating up. In general the variety of
planktonic and benthic organisms has been differently affec-
ted by transgressions and regressions. One can agree with the
concepts of A. G. FiscHEr and M. A. ArRTHUR (1977) that,
owing to the eustatic rise of the ocean level (which resulted in
an expansion of the areas of continental seas), the Late Creta-
ceous represented a polytaxic episode in the evolution of the
pelagic biota. With the polytaxic episode of 94-62 million
years very exactly coincides the maximum of white chalk ac-
cumulation — a formation very characteristic for the European
palaeobiogeographic region.

The necessity is recorded to correlate the evolution stages
of the marine biota with the stages of the organic world evolu-
tion on land. Data available for the land indicate that a rear-
rangement of the vegetable kingdom and a very drastic turn in
the evolution of the most numerous terrestrial animals — in-
sects —took place at the end of the Aptian — during the Albian
—or, maybe, even already at the beginning of the Cenomanian
(ZHERIKHIN, 1978).

KURZFASSUNG

Wihrend der Oberkreide wurde die Russische Tafel, die
Krim und die Transcaspische Region von einer allmihlichen
eustatischen Transgression erfafit. Sie wird abgeldst im mitt-
leren Maastricht von einer schnellen eustatischen Regression.

#) D. P. NADIN, Lehrstuhl fiir Historische Geologie, Geologische
Fakultit, Universitit Moskau, 117234 Moskau, USSR.

In verschiedenen Regionen auf der Tafel wird die allgemeine
Transgression durch relativ kurzfristige Regressionen unter-
brochen, verursacht durch epirogenetische Vorginge oder
durch Auffiillung mit Sediment; nur einige Regressionen sind
eustatischen Ursprungs. Von West-Kasakstan (&stliche Pri-
caspische Region, Mangyshlak) werden zusitzlich zu alteren
Daten (Nampiv et al. 1980 a, b) neue Ergebnisse iiber die
Transgressionen und Regressionen vorgestellt.
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Die Aussagen liber die Wassertemperaturen des Meeres auf
der Tafel und ihrer Umgebung konnen zur Zeit noch nicht zu
einem vollstindigen Bild zusammengetiigt werden. Es ist je-
doch eindeutig, daf} in der Mitte der oberen Kreide, als die
weitesten Uberflutungen herrschten, die Wassertemperatu-
ren hoher lagen als in der Unterkreide. Verschiedene palaon-
tologische Hinweise und lsotopen-Paliotemperatur-Be-
stimmungen zeigen die niedrigste Temperatur wihrend
Oberkreide fur das untere Maastricht an. Offensichtlich be-
gann im Maastricht vor dem Hintergrund einer ausgedehnten
Regression eine allgemeine Klimaverschlechterung, die ihren
Hohepunkt mit dem Beginn des Dan erreichte.

Allgemeine Angaben fiir Klimaentwicklung am Ende des
Mesozoikums im Zusammenhang mit der Meer/Land-Vertei-
lung, der Fluktuation der CO;-Konzentration in der Atmo-
sphire und der Entwicklung der terrestrischen sowie marinen
Flora werden aufgezeigt. Die Ausbreitung und die Diversitit
der Organismen wihrend der Oberkreide simmt in grofen
Zigen uberein mit der Angabe von VoicT (1964), dafl ther-
mophile marine Organismen am haufigsten im Cenoman und
im oberen Maastricht sind; dies steht nicht direkt im Zusam-

menhang mit den Klimaschwankungen, aber zeigt an, dafl
weite Meeresgebiete sich durch die geringe Wassertiefe gut
erwirmten. Im allgemeinen wird die Variabilitat planktoni-
scher und benthonischer Organismen durch Transgressionen
und Regressionen unterschiedlich beeinfluffit. In Uberein-
stimmung mit dem Konzept von A. G. Fischer & M. A. Ar-
THUR (1977) (durch eustatischen Meerespiegelanstieg vergro-
Rerte sich die Fliche mit Flachmeeren) stellt die Oberkreide
eine Zeit der Polytaxie in der Entwicklung der pelagischen
Organismen dar. Mit dieser polytaxischen Episode (von 94
bis 62 Millionen Jahren) fillt die Hauptbildung der Schreib-
kreide-Sedimente zusammen.

Es wird darauf hingewiesen, wie notwendig es ist, die Evo-
lutionsschritte der marinen Biota mit der Entwicklung auf
dem Land zu vergleichen. Die verfiigbaren Daten aus dem
terrestrischen Bereich zeigen eine Umgestaltung des Pflan-
zenreiches und auch einen sehr einschneidenden Wendepunkt
in der Entwicklung der artenreichsten Tiergruppe, den Insek-
ten, am Ende des Aptund wihrend des Alb, vielleicht bis zum
Beginn des Cenoman an (ZHERIKHIN, 1978).
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Fig. 1. Diagrams of sea depth fluctuations constructed according to the data of some Upper Cretaceous
sequences on Mangyshlak and in the Eastern Precaspian.
1-VI — Upper Cretaceous lithological measures (members) of Mangyshlak.
1 - terrigenous deposits (sands, sandstones, clays, etc.), 2 — marls, coarse chalk (including “spheric” marls
and chalk), 3 - predominantly marls, 4 — chalk and chalk — like marls predominant, 5 - organogene-detritic
limestones, 6 — phosphorites, 7 — phosphorized coprolites, 8 — higher pyritization, 9 — hardgrounds, 10 —
bands of bentonites, 1 1 — boundaries between the lithological measures of Mangyshlak, 12— phytoherms, 13
— Marsupites, 14— Oxytoma tenuicostata, 15— large benthic foraminifers of the orbitoid group; planktonic
foraminifers: 16 — Hedbergella, 17 — Marginotruncana, 18 — Globotruncana, — 19 — Heterohelicidae, 20~
Rugoglobigerina.

al, aly — Albian, Late Albian; emy, cm,, cms — Early, Middle, Late Cenomanian; ty, t, - Early, Late Turo-
nian; cn — Coniacian; st,, st; — Early, Late Santonian; cpy, cp, — Early, Late Campanian; m,, m; - Early,

Late Maastrichtian; dn - Danian.

Radiometric time scale —according to D. P. NAIDIN (1982) - with due regard of sedimenrometric data for the
Turonian and Santonian (G. ERNST, 1978) and for the Maastrichtian of the author’s material on carbonate

sequences of Western Kazakhstan.
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Here transgression and regression diagrams are supplied
compiled according to Upper Cretaceous sequences of We-
stern Kazakhstan — the extreme south-east of the Russian
Platform (Eastern Precaspian) and Mangyshlak (Figs 1, 2B).
Together with our previously published data (Namin et al.,
19804, b) and the material by J. M. Hancock (1976, Fig. 1;
Hancock & Kaurrman, 1979, Fig. 4; see Fig. 2A) new in-
formation warrants an appraisal of the evolution of palaeo-
geographic conditions in the entire European palacobiogeo-
graphic region (EPR).

Lithologically the Upper Cretaceous of Western Kazakh-
stan is distinctly divided into two unequal parts. The lower
part consists of essentially terrigenous facies of Cenomanian
and Lower Turonian age; their thickness comes locally to
6075 m. The top part— from Upper Turonian to the Danian
inclusively — consists of carbonate deposits 360—420 m thick
(not including the Danian stage deposits).

The leading factor that determined the sedimentation and
organism dispersal in Late Cretaceous seas of the Platform
and Transcaspian has been their belonging during the Late
Cretaceous to the EPR. The sublatitudinal trend of the EPR
stretch reflects the climatic zonality of the Late Cretaceous in
Western Eurasia (NamiN, 1973; Namin et al., 19804, b). The
extraordinary similarity of fauna in the west and east of the
EPR is striking. Over the enormous expanses of EPR the
same belemnites (NaIN, 1973), bryozoans (Voict, 1967),
inocerams (TROGER, 1982) and other faunistic groups are pre-
sent. The biostratigraphic subdivision of Upper Cretaceous
deposits used here is justified in previously published articles
(Namin & KoragevicH, 1977; NamiN, 1979b, 1981).

Obvious proofs of an alternation of transgressions and re-
gressions are supplied by coastal portions of the former sea,
on which there has been a predominant accumulation of terri-
genous sediments. Transgressions and regressions can then be
appraised by the areas involved in them. The author made an

The Late Cretaceous time in the evolution of palaeogeogra-
phic conditions on the face of the Earth is connected with the
expansion of the general smooth eustatic transgression, which
began in the Albian and became replaced in the middle of the
Maastrichtian by a rapid regression also of a eustatic nature
(NampiN et al., 1980a, b; SuiTER, 1977; Varw et al., 1977). On
the general background of eustasy events of a smaller scale
were taking place. Part of them has apparently also been de-
termined by eustatic fluctuacions of the world ocean level (re-
gressions at the Coniacian-Santonian boundary, the pre-
Campanian regression). Another part (the greatest by the
number of manifestations) has been determined by an epeiro-
genesis (Fig. 2B).

Into this scheme nicely fits the evolution of palacogeogra-
phy in Eastern Precaspian and Mangyshlak.

Among the large regional features in the evolution of pa-
laeogeographic environments of the Late Cretaceous in the
Precaspian mention should be made of the absence of Upper
Cenomanian and Lower Turonian depostits, on one hand, the
existence of rather deep-sea conditions in the Late Turonian,

I1.
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attempt to describe the transgressions and regressions by stu-
dying sequences distant from the coastline of the Late Creta-
ceous sea in the areas with a predominant carbonate sedimen-
tation. In such areas it is, apparently, possible to judge about
transgressions and regressions on the basis predominantly of a
reconstruction of the de p th of palacobasins. This conclusion
agrees with the concepts of many geologists a criterion of
transgressions and regressions can be depths fluctuations: a
deepening corresponds to transgressions, while a shallowing
— to regressions. The relation, however, between these two
pairs of concepts: deepening/shallowing and transgres-
sion/regression is much more complicated (NamiN et al.,
1980a). The difficulty s, first of all, in establishing the rela-
tion between the phases of deepening and shallowing and the
phases of an expansion and shrinking of the palacoaquatoria.
In any case, for shallow-water seas in the first approximation
itis afact that their deepening corresponds a transgression and
a shallowing — a regression.

Late Cretaceous seas of Western Kazakhstan have been
shallow basins. In Eastern Precaspian just as in other parts of
the Russian Platform the depths did not exceed 50-200 m
(NADIN et al., 1980a: 31). On Mangyshlak the depths of Late
Cretaceous seas during the accumulation of carbonate sedi-
ments (measures 3—7; see Fig. 1) were even smaller. During
some time intervals, when these sediments have been accumu-
lating, phytal conditions existed. For instance, in the Upper
Maastrichtian of the Aksyirtau sequence occur forms greatly
reminding Turonian-Santonian bioherms of Northern France
and the Maastrichtian-Danian of Denmark, which
W. J. Kennepy and P. JUiGNET (1974) associate with the vital
activity of plants. The shallowness of Late Cretaceous basins
on Mangyshlak is indicated by the presence of numerous
hardgrounds surfaces formed under the effect of strong bot-
tom currents in shallow waters.

on the other (Figs 1, 2B). And yet in many regions of the
world (within the USSR - in the south-west of the Russian
Platform, in the Crimea and Central Asia) in the Late Ceno-
manian and Early Turonian there has been a definite deepen-
ing of the sea. Among other places, this phenomenon can be
boldly traced on the transgression and regression diagrams for
Central Asia (NaDIN et al., 1980a, Figs 4, 5). ]. M. Hancock
on the basis of data for Western Europe and E. G. Kaurrvan
on a material obtained for North America (Hancock, 1976;
Hancock & Kaurrman, 1979) refer one of the major Late
Cretaceous transgressions to the Early Turonian and associate
with the Late Turonian a substantial Late Cretaceous regres-
sion. According to R. A. REYMENT (1980) in Western and
Northern Africa an extensive transgression began in the Late
Cenomanian and reached its maximum in the Early Turonian
when the Transsaharan basins became joined up in these re-
gions of Africa. Very important are data on the southern peri-
phery of the Baltic shield (Southern Sweden), according to
which a transgression took place in the very Late Cenomanian
(the Actinocamax plenus time) (BERGsTROM et al., 1973).
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A) Fluctuations of the ocean level during the Late Cretaceous. According to J. M. HANCOCK

(1976, Fig. 1)and J. M. HaNcocK and E. G. KAUFEMAN (1979, Fig. 4). —B) Relations between the area oc-
cupied presently by the deposits of Upper Cretaceous stages on the Russian Platform (in %o of the total Plat-
form area) and the assumed depths of Late Cretaceous basins according to D. P. NAIDIN et al. (1980a,
Fig. 6). — C) Generalized curves of depth fluctuations in Late Cretaceous seas of Eastern Precaspian and

Mangyshlak.

There exist, however, quite opposite appraisals of the evolu-
tion of transgressions and regressions at the Cenomanian-Tu-
ronian boundary. So G. Ernst and F. Scumi (1979) state
that a interregional (iberregional, 1. e. most extensive) regres-
sion took place in the terminal Cenomanian (the “Plenus Re-
gression”’); in South-Western and South-Eastern Africa an
extremely large break is present in the sequences at the Upper
Cenomanian-Lower Turonian boundary (Forster, 19755
Siesser, 1978), i. e. in the same way as in Eastern Precaspian
and in many other parts of the Russian Platform.

In this way marked differences become outlined in the in-
terpretation of the transgression-regression evolution during
the Late Cenomanian-Turonian. These differences way, pos-
sibly, be connected with the differences in a stratigraphic refe-
rence of transgressions and regressions. So, for instance, S.
W. PeTTERS (1980) thinks that in Western Africa the transgres-
sion maximum took place not in the Early Turonian, as sug-
gested by R. A. ReEvMenT, but in the Late Turonian-Conia-
cian. But it might be that there are also deeper reasons for it.

Justas on the remaining part of the Platform, there is amost
pronounced transgressive occurrence in the Precaspian of
“Preria beds” of the Campanian base — an Early Campanian
transgression.

A very interesting feature in the evolution of the palaeo-
geography of the Eastern Precaspian is a certain sea deepening
at the very end of the Maastrichtian (Fig. 1 —diagram for Uil;
Fig. 2B). This deepening thar took place on the background
of a general eustatic Late Maastrichtian regression can be de-
tected by the plankton/benthos ratio (P/B). The deepening,
apparently, corresponds a brief regional transgression, as re-

sult of which the Upper Maastrichtian deposits on the Mu-
godzhary and on the eastern flanks of the Urals rest directly
on Palaeozoic deposits and even on Precambrian rocks (Nar
DIN et al., 1980a).

The transgressive occurence of constantly younger deposits
of the Upper Cretaceous (including the Maastrichtian) in
moving from the west eastwards in the Preurals has been
recorded by P. L. Bezrukov (1938). In the Volga region the
Lower Maastrichtian in some localities rests on the Albian,
Cases of a transgressive occurrence of the Maastrichtian are
known in Bulgaria and Italy. However, we regard all these
occurrences only as complications of a general regression at
the end of the Late Cretaceous.

On Mangyshlak the evolution of the general transgression
in the Cenomanian has been complicated by local move-
ments; and yet, just as in the Precaspian and in other substan-
tial areas of the Russian Platform, beginning with the middle
of the Cenomanian and throughout nearly the entire Late Ce-
nomanian there has been a predominance in this region of re-
gression conditions.

A very important feature in the evolution of palacogeogra-
phy on Mangyshlak during the Late Cretaceous was the
existence in the early Turonian of sufficiently stable marine
conditions. Despite a predominance of a terrigenous sed-
imentation (measure 1), the depths of the Early Turonian ba-
sin of Mangyshlak (estimated by the P/B ratio) have been
greater than during the subsequent ages, when carbonate se-
diments have been accumularing. In this way by the tendency
of transgressions and regressions evolution Mangyshlak du-
ring the Early Turonian approached conditions fixed for the
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south-west of the Platform, the Crimea, Middle Asia and
many regions beyond the boundaries of the USSR (Fig. 1).

Beginning with the Late Turonian and to the beginning of
the Late Santonian, owing to a general rise of the world ocean
level a carbonate regime of sedimentation gets established in
the area (members [T and IV). The peculiarity of the regime
consisted in an extensive occurrence of Calcisphaerulidae
(“spheric” chalk). Drastic fluctuations in the completeness of
the sequences and in the thickness of separate stratigraphic le-
vels of the members 1T and IV indicate an unstable tectonic re-
gime of the region.

The picture substantially changes beginning with the Late
Santonian, in other words, since the beginning of the accumu-
lation of measure V, in the composition of which there is a
pronounced predominance of chalk. We associate the change
in the nature of sedimentation, firstly, with the continued
global rise of the sea level and, secondly, with a stabilization
of the tectonic regime of the region. A combined effect of
these two factors resulted in a general equalization of local
physico-geographical environments, which led to an accu-
mulation of thick measure V. The sea depths somewhat chan-
ged throughout the accumulation time of the measures. At
certain moments, when thin bentonite bands have been for-
med, the depths could have been substantial, which is demon-
strated by a sharp reduction in the number and, sometimes,
even a complete absence of foraminiferal tests (H. ErnsT,
1978). But on the whole, by the end of the accumulation of
chalk measures, the sea depths become very small, which,
among other things, is indicated by an increase in the number

The presence of numerous discontinuities of a varying scale
is one of the characteristic features of Upper Cretaceous se-
quences on Mangyshlak and in Eastern Precaspian.

An analysis of the size of gaps is of great importance in con-
structing diagrams for transgressions and regressions. An ap-
praisal of the scale of gaps has been done for Upper Cretace-
ous strata of Eastern Precaspian. Methods suggested by A. A.
SaveLjev (1971) have been used; they permit to appraise and
show clearly the stratigraphic scale of the hiatus. By the scale
of the stratigraphic hiatus four categories of gaps have been di-
stinguished (Fig. 3).

The stratigraphically large pre-Upper Turonin break tra-
ceable on the Platform, which determined a peculiar evolu-

Before speaking about the climatic conditions of the EPR
during the Late Cretaceous, a few general remarks should be
made on the palaeoclimatic reconstructions.

The main factors determining a climate are: 1) the intensity
of solar radiation; 2) the concentration of carbon dioxide
(COy) in the atmosphere; 3) the land/sea (ocean) ratio. Fluc-
tuations of these three factors in the geological past are the
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of hardgrounds surfaces. We see no contradiction between
the assumed by us genereal eustatic rise of the ocean level and
the shallowing of the Campanian sea on Mangyshlak: the
shallowing is connected with a filling out of the Mangyshlak
sea by sediments. The possibility of such a process has been
discussed previously (Namin et al., 1980a: 40; Namm et al.,
1980b: 386, Fig. 10).

In this way, we refer the beginning of the transgression du-
ring which measures V have been accumulated, to the Late
Santonian. This coincides with the data of G. Ernst and
F. ScHm (1979), who distinguish in the GFR a “Marsupites
transgression” (beds with Marsupites occur transgressively
on Lower Turonian deposits).

An amazingly extenisve — cosmopolitan — range of Marsu-
pites from Australia to North America associated with a
very-very brief time interval is a doubtless proof of a global
nature of the phenomenon: this has been a moment of a most
pronounced thalassocraty.

All the transgressions mentioned have been eustatic. Ho-
wever, we think, just as T. Marsumoro (1977), that there
should not always be a complete synchroneity of regressions
and transgressions and particularly of their maxima in diffe-
rent areas. Worth attention is the explanation by N. A. Mor-
NER (1976) of “anomalous™ transgressions embracing one re-
gion, but of untraceable in other regions by the effect of a
geoidal eustasy.

In the same way as in other regions of the world the Maa-
strichtian (organogene-detritic measure VI) of Mangyshlak
has been a time of regression.

tion of palaeogeographic environments at the Cenomanian-
Turonian boundary, over substantial portions of the Plat-
form, reflected the effect of aregional factor. At the same time
a stratigraphically minor interval between the Maastrichtian
and Danian can be traced all over the world and is associated
with the effect of a global mechanism (NamiN et al., 1980a, b;
NaIpiN, 1976).

It is amazing that the events at this boundary were procee-
ding on the background of a generally one cycle of carbonate
sedimentogenesis. E. VoicT (1981) with full justification sta-
ted that coccolite-bryozoan limestones in the Danian of Eu-
rope in a natural way complete the carbonate cyclothem of the
Late Cretaceous.

main cause of global changes in the climate. Other factors also
affect the climate. But no matter how enormous they mightbe
imagined (possible migrations of continents, displacements of
the poles, etc.), they are only of a secondary, regional signifi-
cance.

The effect of the first fundamental factor, 1. e. the effect of
the sun leads to the origin on the surface of the globe of clima-
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Fig. 3. Types of gaps by the scale of stratigraphic hiatus in Upper
Cretaceous deposits of Eastern Precaspian.

The interval embraces the deposits of: 1 - systems, 2 — parts of sy-
stems, 3 — stages, 4 — substages, 5 — deposits are absent.

P — Permian; P-T - Permo-Triassic; J;, Jo — Lower and Middle Juras-
sic; J3— Upper Jurassic; Lower Cretaceouns: bs — Berriasian, v — Va-
langinian; h — Hauterivian; br — Barremian; ap — Aptian; aly, al,, al; -
Lower, Middle and Upper Albian; Upper Cretaceous — see caption
of Fig. 1.

tic belts. Climatic zonality 1s the most important manifesta-
tion of a solar climate. Reconstructions of geological changes
in the climate are limited first of all by the establishment of the
climatic zonality of the past. It should be noted that in mobili-
stic palaeoclimatic constructions it is not the climatic zonality
of the globe that is reconstructed, but mainly the belonging of
a certain continent to this particular climatic zone.

We have certain information on the changes at the end of
the Mesozoic in the second and third factors. Let us begin
with the third: the ratio of land and sea expanses. The tremen-
dous eustatic Late Cretaceous transgression, which lead to an
expansion of epicontinental basins, undoubtedly resulted also
in a general global warming up as compared with the Early
Cretaceous. In the middle of the Late Cretaceous, according
to lithological data and the dara of isotope palaeothermome-
try (TEiss & Namin, 1973) beyond the Polar Circle on the
70-75° of N. Lat. surface temperatures of the water were
15-17° C. A global regression at the end of the Cretaceous, as
result of which the area of the land increased and the aquatoria
shrank, must have lead to a drop in temperature.

To establish the effect of the second factor is much more
complicated. The original source of carbon dioxide in the at-
mosphere is the volcanic activity. [t seems that researchers ag-
ree on this point. It seems that after the papers by S. Arrenius
and other authors at the end of last century the greenhouse ef-
fect on the degree of heating of the atmosphere is not denied
by anybody.

M. I. Bubyko has compiled (1980, Fig. 2-1; 1981, Fig. 3)
for the Phanerozoic diagrams of changes of volcanic activity
and CO, concentration in the atmosphere. It follows from
these diagrams that first of all there has been a certain intensi-
fication of volcanic activity during the Cretaceous and its ob-
vious slackening down at the end of the period, which lasted
with minor variations throughout the Cenozoic; secondly, an
increase in CO, concentration in the Late Cretaceous and a
marked decrease in this concentration (again with fluctia-
tions) during the Cenozoic. In this way these data, generelly
speaking, confirm the conclusion derived from the land/sea
(ocean) ratio effect. The real pattern has been however much
more complicated, because in the system atmosphere — land-
sea (ocean), the state of which actually determines the what
we call the climate, the CO, content is controlled by a num-
ber of factors. The most important of them, undoubtedly, is
the photosynthetizing activity of the plants.

An expansion of angiosperms began at the end of the Early
Cretaceous epoch on land and at the same time (or maybe so-
mewhat later — in the Cenomanian) a phytoplankton “burst”
began in the oceans. Obviously a sharp increase in the number
and mass of CO, consumers must have meant its high concen-
trations. It is true that an opposite opinion 1s also put forth.
M. . GotenkiN and Yu. V. TESLENKO (see VAKHRAMEEV,
1978: 10) associate the replacement of a predominance of
gymnosperms by angiosperms at the end of the Early Creta-
ceous with a decrease of the CO, amount in the atmosphere.

Directly related to the problem of transgressions and re-
gressions is the establishment of the role of phytoplankton
and the terrestrial flora in regulating the CO; content. When
more CO,; had been consumed (and, consequently entered
the deposits): during the periods of regression (which means
mainly by a terrestrial flora) or during transgressions (and,
consequently, predominantly by a marine flora)?

For the time being there is no satisfactory answer to this
question. D. M. McLEaN (1978a) assumes that a [eading role
in combining the atmospheric carbon dioxide belongs to the
terrestrial flora. That is why in his opinion to the epochs of re-
gression corresponds a decrease in the CO, content in the at-
mosphere, whereas the epochs of transgressions are characte-
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rized by higher CO, concentrations, which differs from the
accepted views on the leading role of phytoplanton in the con-
sumption of CO, from the atmosphere. In this case, if we re-
member the greenhouse effect, at an expansion of terrestrial
areas a refrigeration should take place whill a warming up oc-
curs during transgressions.

The papers by D. M. McLEan (19784, b) contain quite an
extensive bibliography on this problem. Here we are going to
present briefly our variant for the evolution of the CO, con-
tent and the effect of this process on the evolution of the cli-
mate at the end of the Mesozoic.

The supply of the volcanic carbon dioxide in geosynclines
during the Cretaceous has, apparently, been substantial. Even
in the white chalk sequences — a most characteristic formation
of the EPR and, as it would seem, a very distant one from vol-
canic manifestations — bands of bentonite are quite usual as
well as various forms of “camouflaged volcanic material”
(MuravjEv, 1976).

An increase in the amount of CO, lead, on one hand, to a
rapid development at the end of the Early Cretaceous — the
beginning of Late Cretaceous of its consumers — terrestrial
and marine plants, and, on the other hand, to a general war-
ming up throughout the greater part of the Late Cretaceous,
which happened on the background of a progressing trans-
gression. The absorption of CO, by plants and a decrease in
the supply of a volcanic carbon dioxide resulted in a cooling of
the atmosphere and of the surface waters in sea basins, this, in
its turn, increasing the solubility of CO,; in the water and,
correspondingly, a rise of the CCD level. All this together
with a developing regression meant a “deterioration” of the

The dispersal of organisms, their taxonomic diversity du-
ring the Late Cretaceous 1n a general scheme corresponds the
suggestion by E. VoicT (1964) that: thermophile organisms
have been most abundant in the Cenomanian and Late Maa-
strichtian; during these time inervals the taxonomic variety
has been, correspondingly, the greatest. Such a conclusion
hardly reflects a direct effect of the temperature factor. Simply
in the Cenomanian and Late Maastrichtian there have been
extensive shallow-water portions of the seas subjected to a
good heating.

The variety of planktonic and benthic organisms is affected
differently by transgressions and regressions. It is, probably,
possible to agree the concepts of A. G. FiscHEr and M. A.
ArTHUR (1977) that the Late Cretaceous owing to an eustatic
rise of the ocean level (which reasulted in an expansion of the
aquatoria of epicontinental seas, including the sea of the Plat-
form), represented a polytaxic episode in the biota evolution
of the pelagic zone.

Polytaxic 32 — million — year intervals were separated from
each other by shorter oligotaxic episodes. The Late Cretace-
ous polytaxic episode began in the Turonian (94 million years
ago) and ended at the end of the Maastrichtian (62 million
years), which nearly ideally coincides with accumulation ma-
ximum of an extremely peculiar formation of epicontinental
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climate, that began, apparently, during the Early Maastrich-
tian and reached its maximum at the beginning of the Danian.

The development of the vegetable cover of the Earth de-
pending upon the land/sea (ocean) ratio and upon the CO,
content — is a self-regulating process, operating according to
the biospheric homeostate principle (Barinov, 1972). In a
more general form the ratio land/sea (ocean), atmosphere and
terrestrial vegetation obey mechanisms of autocorrelation
(FunneL, 1981).

And now about the climatic conditions in EPR during the
Late Cretaceous. The sea basins of EPR belonged to the sou-
thern part of a wide warm climatic belt. In the middle of the
Late Cretaceous, when the aquatoria have been at their lar-
gest, the temperatures of sea water were higher than during
the Early Cretaceous. According to micropalaeontological
(BETTENSTAEDT, 1962; WicHER, 1953), macropalaeontological
(JeLETZKY, 1951) data, as well as by the dispersal of Coccoli-
thophoridae (REinHARDT, 1973) and the data of isotope palae-
othermometry (Triss & NamiN, 1973) aslight drop in tempe-
rature took place in the Early Maastrichtian. This fits the ab-
ove quoted scheme of the colder spells at the end of the Creta-
ceous period. However, undoubtedly, the process has been
much more complicated — the refrigeration has not been uni-
form, which is indicated by somewhat higher temperatures
(as compared with the Early Maastrichtian) recorded accor-
ding to the Late Maastrichtian fauna. It is possible that the
Late Maastrichtian warming up is associated with the peculia-
rities of the Late Maastrichtian palaecogeography mentioned
higher up. Relatively sharp transient temperature fluctuations
may have occured at the Maastrichtian-Danian boundary
(NamIN, 1976a: 201).

seas of the EPR — white chalk, the accumulation of which re-
flects a maximum in the abundance of the phytoplankton.

In the light of the problem on the establishment of the role
of terrestrial and marine plants in the CO, balance of the at-
mosphere refered to in section IV of this paper, it is most im-
portant to correlate events that took place in the oceans with
those that occurred on land. Material available for the land
shows that a rearrangement of the vegetable kingdom and a
very drastic change in the evolution of insects took place at the
end of the Aptian — in the Albian — maybe during the begin-
ning of the Cenomanina (ZHERIKHIN, 1978). A determining
role in the organic world does not belong to the largest but
most numerous organisms that have the greatest biomass
(RODENDORF & ZHERIKHIN, 1974: 87). In the ocean such orga-
nisms were planktonic forms, while on the land — invertebra-
tes, first of all insects. It seems that times of biota rearrange-
ments (in the oceans oligotaxic episodes according to FiscHER
and ARTHUR) of the and and sea in general have been more
lengthy. By such stages of major biogeocenosis changes was
limited on the whole the Late Cretaceous (nearly exactly cor-
responding the polytaxic episode 94-62 million years of
FiscHer and ArTHUR): the Albian (maybe the end of the Ap-
tian) — nearly the entire Cenomanian to its beginning and the
end of the Maastrichtian — the beginning of the Danian — after
it.
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