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Text-fig. 9 — Lower and Upper Maastrichtian of Besh-Kosh,
Crimea. Explanation ofsignatires used in Text-
fig. 2.

densation and sédimentation are assumed to be cyclic
processes.

Solution cycles. Model 6 (Einsele, 1985). SLC (sea
level change) causes variation of the critical carbonate
solution depth. Periodically, the volume of the constantly
deposited carbonate that is dissolved changes.

Solution cycles. Model 7 (Ricken, 1994). SLC causes
cyclic variation in depth of the basin. This results in
periodic occurrence of stratified waters with anoxie or

nearly anoxie conditions and solution of the constantly
deposited carbonates. Sea level up — mari, sea level
down — limestone.

Solution cycles. Model 8 (Savdrra & Bottjer,
1994). Climatic variations resuit in fluctuations of winds
and water current direction, which cause changes in the
dissolved oxygen content of the bottom waters. Because
of new current directions and some spécifie bottom relief,
stagnant, stratified water masses can occur. Cyclic
changes of aerobic — dysaerobic — anaerobic conditions
resuit in periodic solution of constantly deposited carbo¬
nates.

Dilution and solution cycles. Model 9 (Hay, 1996).
Periodical volcanic input into the basin with mostly car¬
bonate sédimentation causes cyclic appearance of
bentonite couplets inside chalk or mari layers. Erup¬
tions produce both ash clouds and acid rain. Acid rain
enriches water of the basin in acids, dissolving the car¬
bonate.

Cycles of bioproductivity, dilution, solution. Model
10 (Fischer & Arthur, 1977). The history of the organic
world can be divided into polytaxic and oligotaxic inter¬
vais (Fischer-Arthur cycles), which occur due to cli¬
matic variations, SLC.

Solution cycles. Model 11 (Einsele, 1985). Global
cycles of carbon are responsible for changing the car-
bon/oxygen relation in the atmo- and hydrosphères. This
relation dépends on the volume of végétation. The greater
the quantity of plants, the lower the content of carbon
dioxide.

To détermine the mechanisms responsible for produ-
cing the periodites and the palaeogeography implied by
them established types of periodites were investigated by
different analyses. The Palaeocene periodites were less
thoroughly investigated. Here is the interprétation of the
origin of the studied types of periodites.

A first type of periodites was observed in the Maas¬
trichtian of the Besh-Kosh section (Figure 8 and 9).
Periodites, consisting both of three elements (Table 1)
and two elements (Tables 2 and 3) were observed.
Rhythms included maris and chalky maris (Table 1),
maris and sandy maris (Table 2), sandy maris and hard
sandy siliceous or siliceous maris (Table 3). Rhythmicity
in the Maastrichtian of the Besh-Kosh section reflects the
distribution of:
— calcium carbonate, carbon dioxide and organic car¬

bon concentration;
— volume of bioturbated rocks;
— P/B relation;
— the weathering profile;
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Table 1 - The compossition of 9 marl-marl-chalky marl rhythms in the Besh-Kosh section (type 1, Lower Maastrichtian).

Lithology Marl Marl Chalky marl
Thickness, m 0,05 - 0,2 0,1-0,35 0,15-0,4

Colour greyish-yellow greyish-green white
Bioturbation weak or absent strong weak

Planktonic forams, %' 4,3 0,8 4
Secretional benthic 7,3 3,2 11

forams, %'
Agglutinated benthic

forams, %'
88,4 96 85

Quantity of samples 9 9 9
'

Zayeka O.V., pers. commun.

Table 2 - The composition of 15 calcareous sandstone-sandy marl rhythms in the Besh-Kosh section (type 1, Upper Maastrich¬
tian).

Lithology Sandy marl Marl

Thickness, m 0,05 - 1 0,2-1
Colour grey yellowish-grey

CaC03, % 63,56 68,1 - 72,64
TOC, % 0,25 0,1 -0,17

Insoluble residue, % 2 29 35
Planktonic/Benthic forams, %2 5 10-13
Volume of bioturbated rocks, % 5 10

Quantity of samples 2 4
2ALEKSEEV & KOPAEVICH, 1997

— thickness distribution.
Origin of 9 marl-marl-chalky marl rhythms in the

Lower Maastrichtian deposits of the Besh-Kosh section
is connected with solution cycles and sea level change
(model 7). Fluctuation of the sea level is indicated by
oscillations in the relation of planktonic and benthic
forams. Dark rock colour correlates with weak bioturba-
tion and sea level rise (relatively high content of the
planktonic forams).

The same criteria plus a relatively high content of TOC
in the dark couplets are typical for the same model
proposed for the origin of 15 calcareous sandstone-sandy
marl rhythms in the Upper Maastrichtian of the Besh-
Kosh section. At the same time the «sandy» lithology of
the rocks is a resuit of dilution cycles in the basin with
fluctuation of sea level (model 3). In summary, models 3
and 7 are suggested to explain periodites of the first type.
These two models and the same interprétation of the data
are proposed for the appearance of the 15 sandy marl-
hard sandy siliceous marl rhythms of the Lower Maas¬
trichtian and four soft sandy marl-hard siliceous marl
rhythms of the Upper Maastrichtian of the Besh-Kosh
section.

Another example of periodites of this type is the Cen-
omanian of the Gamba Zong Shan section, Tibet (Lamol-
da & Wan, 1996).

A second type of periodites was found in the Betta
section (NW Caucasus). Rhythmicity is represented by a
limestone-marl succession with a cyclic distribution of
magnetic susceptibility, volume of bioturbated rocks
(Figure 3) and distinct colour differentiation (Table 4).
Dilution cycles are indicated by oscillations in the terres-
trial input of Fe-magnetic minerais (variations in mag¬
netic susceptibility). Solution cycles are indicated by
cyclic distribution of the volume of bioturbated rocks
and the trace fossil Chondrites sp., which is extremely
sensitive to variations of the concentration of oxygen,
dissolved in the bottom waters. The presence of Teichich-
nus sp. in both rhythm elements indicates the absence of
eustatic fluctuations. The origin of the second type of
periodites in the Betta section is considered to be con¬

nected with models 1 and 8.
In the Lower Maastrichtian of the Besh-Kosh section a

second type of periodites is represented by thick rhythms
(Figure 8). Thickness of the marl layers varies from 1 to
9,5 m. Inside one of these marl units rhythmicity of the
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Table 3 - The composition of marl-marl rhythms in the Besh-Kosh section (type 1, Maastrichtian).

K2mi, K2m2, K2mi, K2m2,
Lithology Sandy mari Soft sandy

mari
Hard sandy

siliceous mari
Hard siliceous

mari

Thickness, m 0,1-0,32 0,1-0,17 0,45 - 1,05 1-3,7
Colour light grey grey, yellowish

grey

dark grey grey

C02, % 25-27 29-33

CaC03, % 56,75 - 61,25 65,83 - 74,91
TOC, % <0,08 <0,08

Volume of 5 10

bioturbated

rocks, %
Planktonic 4 7

forams, %'
Secretional 11 2

benthic forams,
%'

Agglutinated
benthic forams,

85 91

%'
Quantity of

samples
1 5 1 4

Quantity of
rhythms

15 4 15 4

first type was found. Limestones are usually 1-1,5 meters
thiek. Rhythmicity reflects the distribution of:
— volume of bioturbated rocks;
— insoluble residue concentration;
— P/B relation;
— the weathering profile;
— thickness distribution.

Fluctuation of the sea level is indicated by oscillations
in the relation ofplanktonic and benthic forams, thickness
distribution of the marl couplets and weak oscillations in
the volume of bioturbated rock. The constant upward
increase of the thickness of maris correlates with sea

level fall (relatively high content of the benthic forams
and relatively low volume of bioturbated rock) and cor¬
responds to dilution cycles. The decrease of the carbonate
content in the succession correlates with the shallowing
of the basin. The nature of the second type of periodites in
the Besh-Kosh section is considered to be explained by
model 1.

It should be noted that this rhythmic succession is
similar to many rhythmic Upper Cretaceous sections in
Eurasia and North America (Ricken, 1994).

The Selandian marble-marbled mari rhythms (Figure
2) of the Besh-Kosh section (Gabdullin & Widrik,

1998), which are diagenetically cemented limestones
and maris (Table 5) and the top of the underlying (Da-
nian) deposits of the Besh-Kosh section represented by
two limestone-marl rhythms (Figure 2), can be referred to
the second type of periodites, but there are not sufficiënt
data available to propose a comprehensive model of the
origin of this type of periodites.

A third type of periodites was found in the Volsk
section. It is represented by extremely thin greenish-white
couplets inside of thick white chalk layers. In the field
these layers are termed "maris", but according to labora-
tory analyses they are chalks (Figure 6). Rhythms are
characterized by oscillations of the natural remnant mag-
netization and destructive field of remnant saturation
magnetization, of the volume of bioturbated rocks, cal¬
cium carbonate and organic carbon content, and différ¬
ences of colour and thickness (Gabdullin et al., 1998a).
No periodic fluctuations in the magnetic susceptibility,
remnant saturation magnetization, and magnetic suscept¬
ibility increase were found in examined samples. Model 8
is proposed as their cause.

Other examples of periodites of this type are the Cen-
omanian and Turonian of the Anglo-Paris basin (Gale,
1995), Campanian of the Gulf of Mexico (Kauffman,
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Table 4 - The composition of 5 rhythms in the Betta section (type 2, Maastrichtian).

Lithology Marl Limestone

Thickness, m 0,01-1,04 0,02-0,2
Colour dark grey white

Ichnogenera Teichichnus sp. Teichichnus sp.,
Chondrites sp.

Table 5 - The composition of 3 marble-marbled marl rhythms in the Besh-Kosk section (type 2, Selandian)

Lithology Marbled marl

(transformed marl)
Marble (transformed

limestone)
Thickness, m 0,1 1-6

Colour pinky-green pink

Table 6 - The composition of 6 sandstone-calcareous sandstone rhythms in the Besh-Kosh section (type 5, Upper Maastrichtian).

Lithology Sandstone Calcareous sandstone
Thickness, m 0,13-0,32 2,13 -0,5

Colour dirty grey grey
Volume of bioturbated rocks, % 5 5 - 15

Table 7 - The composition of calcareous sandstone-sandy marls rhythms in the Besh-Kosh section (type 6, Upper Maastrichtian).

Lithology Calcareous sandstone Sandy marl
Thickness, m 1,1-1,6 3,6

Colour dirty grey dirty yellow
Volume of 15-40 10-50

bioturbated rocks, %
C02, % 26 20-28

CaC03, % 59,02 45,4 - 63,56
TOC, % 0,1 0,2 - 0,23

Quantity of samples 1 2

1985), and Campanian and Maastrichtian of the Exmouth
Plateau, NW Australia (Boyd et al., 1994).

Rhythmicity of the fourth type is presented by chalk-
chalk rhythms in the Volsk section and hidden rhythmi¬
city in the Sengeley section. The Volsk section is char-
acterized by weak petromagnetic rhythmicity and low
value of petromagnetic parameters (Figure 6). In the
Sengeley section visual rhythmicity was not observed,
but the distribution of the measured parameters shows
periodic variations (Figure 5). Another différence be-
tween these two sections is the high value of the petro¬
magnetic parameters in the Sengeley section. Rhythmi¬
city in the Maastrichtian of the Sengeley section is
established by distribution of: the volume of biotur-
bated rocks, the quantity of trace fossils, the remnant
saturated magnetization (Jrs), destructive field of
remnant saturated magnetization (H'cs), the Jrs-Hcs

corrélation, and the taxonomie diversity of macrofossils.
Rhythms in the Maastrichtian of the Volsk section are
defined by the same distribution of characteristics as in
the Sengeley section plus cyclic oscillations in organic
carbon content, colour differentiation and weathering
profile.

Rhythmicity in the Maastrichtian of Sengeley section
(Gabdullin et al., 1998b) was formed by solution cycles
proved by the cyclic distribution of the calcium carbonate
and organic carbon content, the volume of bioturbated
rocks, the quantity of ichnocoenoses. Dilution cycles
are indicated by cyclic fluctuations in the input of terres-
trial Fe-magnetic minerais which produce oscillations
in the distribution of the remnant saturated magnetiza¬
tion (Jrs), destructive field of remnant saturated magne¬
tization (H'cs) and Jrs-Hcs corrélation. Négative corréla¬
tion we interpreted as the absence of the terrestrial input,
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Table 8 - The composition of 5 clay-limestone rhythms in the Besh-Kosh section (type 7, Danian).

Lithology Clay Limestone

Thickness, m 0,01-0,05 1-3

Colour greyish-green greyish-white

Table 9 - The composition of rhythms in the Belogrodnya section (type 8, Selandian).

Lithology Marl Opoka
Thickness, m 0,3 0,2

Colour yellowish pale
grey

brownish grey

Magnetic susceptibility (xlO 5 standard units) 4-6 6-10

Quantity of samples 60 56

Table 10 - The composition of rhythms in the Sengeley section (type 9, Selandian).

Lithology Soft sandy
opoka

Hard opoka

Thickness, m 0,1-1 0,2-1,5
Colour grey yellowish pale

grey
Remnant saturation magnetization, xlO"3 nT 670 650

Destructive field of remnant saturation

magnetization, A/m
770 700

Quantity of samples 1 1

positive — as a presence of the terrestrial input. The
dilution and solution cycles are described by models 1
and 8. Rhythms in the Maastrichtian of the Volsk section
(Gabdullin et al, 1998a) are defined by the same dis¬
tribution of characteristics as in the Sengeley section plus
différences in colour and in the weathering profile. The
same models are proposed to explain the periodicity of
the Volsk section.

A fifth type of periodite was studied in the Besh-Kosh
section, near the K/T boundary (Figure 2). Preliminary
results of the investigation are shown on Table 6. Period¬
ite of this succession have distinct weathering profile,
colour differentiation, volumes of bioturbated rock and
thickness variation. The origin of this periodite is con-
nected with dilution cycles (sandstone-calcareous sand-
stone succession). Model 1 is proposed for this type of
rhythm.

A sixth type of periodite was observed in the Upper
Maastrichtian of the Besh-Kosh section near the K/T

boundary. Fiere (Table 7) the rhythmic distribution of
the colour of the rocks, volume of bioturbated rocks,
carbon dioxide, calcium carbonate and organic carbon
content are nearly equal not direct, or sometimes inverse
of those in the other parts of the section (Table 6). The
lithology of the rhythms (calcareous sandstones and san-

dy maris) indicates that there are dilution cycles. It is
interesting that the character of distribution of calcium
carbonate and organic carbon content and volume of the
bioturbated rocks is more complicated, than in most of
the periodites studied: the TOC content in the sandy mari
is higher, and the calcium carbonate content can be higher
or lower than in the sandstone. At the same time the
volume of the bioturbated rocks is nearly equal in both
rhythm elements, but a darker colour is typical for the
sandstones. Thus, the influence of the solution agent
could be constant or periodic, but the duration (ampli¬
tude) of this periodicity was different (probably longer)
from the duration of dilution cycles. Models 1 and 8 may
account for these periodites.

Other examples of this type of periodites are the Lower
Shale member of the Niobrara formation, Santonian of
the Western Interior Basin, USA (Ricken, 1994).

A seventh type was found in the Danian deposits of the
Besh-Kosh section (Figure 2). The preliminary results of
research are shown on Table 8. These periodites (Gab¬
dullin & Widrik, 1998) are distinctly identified by their
weathering profiles and thickness distributions. The Da¬
nian clay couplets are thought to be the resuit of dissolu¬
tion and condensation of limestone beds (solution cycles).
The origin of the cyclic répétition of limestone beds,
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erosional surfaces and clay couplets with glauconite can
be described by model 5.

An eighth type of periodite is typical for the Selandian
of the Belogrodnya section (Table 9), where rhythms can
be detected by the weathering profile and fluctuations of
the magnetic susceptibility (Figure 7). Dilution cycles are
indicated by the variation of the petromagnetic para¬
meters and lithology (marl-opoka) (Gabdullin & Wi¬
drik., 1998). Model 1 is suggested as the cause.

A ninth type of periodite was observed in the Selan¬
dian of the Sengeley section (Figure 5). This type differs
slightly from the previous one in the criteria of the
establishment of the rhythms (Table 10). Model 1 is
proposed for its origin.

From this analysis it is evident that different models
could be proposed for the same types of periodites. In
some cases a model can produce different types of
rhythms.

It is possible to establish a bathymétrie zonation for the
different types of periodites and models of their origin.
The shallowest periodites (littoral-sublittoral) are the ter-
restrial-carbonate [sandstone, sand-calcareous sandstone,
sand (5); sandstone, sand-marl (6); clay-marl, limestone
(7) cycles) and siliceous deposits (sandy opoka-opoka (9)
cycles]. The middle position in the bathymétrie zonation
are sublittoral-hemipelagic carbonates [marl-marl (1);
marl-limestone (2); marl-chalk (3) rhythms] and silic-
eous-carbonate successions [opoka-marl (8) cycles].
The deepest periodites (hemipelagic-pelagic) are the car¬
bonate chalk-chalk (4) and siliceous-carbonate marly
opoka-opoka (9) successions.

The bathymétrie distribution of palaeogeographic

models is more complicated than the distribution of types
of periodites. It seems possible to establish a littoral-
sublittoral group of models (1-5) and hemipelagic-pelagic
group (6-8, 10). Models 9 and 11 reflect more global
influences upon the sedimentary system, than the other
models.

The Volsk, Belogrodnya and Sengeley sections are
neither typically Boreal nor Tethyan; their position is
transitional. The Besh-Kosh is an example of a typical
Tethyan section. It is very similar to the Agost and
Zumaya sections (NE Spain) (ten Kate & Sprenger,
1992). All of these sections have the same type of
rhythms (lithology, thickness). A few groups of couplets
(below and above K/T boundary ) have the same thickness
and the same stratigraphie position in these sections,
indicating the climatic-orbital control of déposition of
these rocks and probably reflect Milankovich Cycles.

The origin of periodites is a resuit of cycles of dilution,
solution and bioproductivity described by the 10 palaeo¬
geographic models. The climatic variations caused by
Milankovich Cycles probably resulted in the appearance
of different kinds of rhythmicity in Maastrichtian and
Lower Palaeocene rocks of the Russian craton, SW
Crimea and NW Caucasus.
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