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Bed-scale pelagic marl-limestone alternations at a number of localities in the Tethyan realm are cyclic and
display common characters related to duration, composition, mineralogical and microfaunal content.
Parameters used to characterize the cycles show parallel evolutions in time over large areas and thus allow
accurate correlation. Cycle thickness variations, figured by “cyclograms”, makes it possible to correlate
sequences from southeastern France to the northeastern Gulf of Mexico and also to apply the biozonation
of Angles’ parastratotype, located in the Vocontian Trough, to the oceanic Valanginian sections. Variation
curves of minor cycle frequency also expresse the accumulation rate which is mainly influenced by the
production of planktonic carbonate. They allow North Atlantic and worldwide correlations, particularly
for Hauterivian and Albian sections. Whatever the global cause was controlling the variation of planktonic
productivity (either very long-term climatic fluctuations or eustatic changes), the curves, which reflect
these variations, present an efficient stratigraphic tool for transoceanic correlations especially when
biostratigraphic methods are ineffective. Furthermore, they reflect some major Lower Cretaceous boun-
daries of the western Tethys.
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Introduction

For a number of years, studies of bed-scale
cyclicity pelagic deposits have been undertaken
to characterize the so-called “limestone-marl al-
ternations”, in order to determine a link between
this layering and long-term climatic fluctuations.
Quaternary and Tertiary successions yielded the
first results (Arrhenius 1952, Hays et al. 1976,
Pisias 1976, Briskin and Harrel 1980, Kerr 1981,
Dean et al. 1981, Moore et al. 1982). Indeed,
some of these series recorded climatic fluctua-
tions which, although disturbed, were enhanced
by the glacial events (Moore et al. 1982, Kerr
1981). More recently, Cretaceous and even Pal-
eozoic sections have been investigated (Arthur
1979, McCave 1979, Cotillon et al. 1980, Michel
1981, Ferry and Schaff 1981, De Boer 1982,-
Schwarzacher and Fischer 1982, Kauffman 1982).
The aim of this study has been to gain a better
knowledge of the main possible causes of the
cyclicity in pelagic Lower Cretaceous sequences
and at the same time to use the cyclicity as a
tentative stratigraphic tool, thus allowing accur-
ate correlations over widespread areas.

Analyzed successions (fig. 1)

The setting for the first studies were Tethyan
margins principally in the Vocontian Trough, lo-
cated in the Subalpine Ranges of southeastern
France. In this basin, we verified the striking
continuity shown by the beds and interbeds of a
Valanginian mark-section (Le Toulourenc succes-
sion) across the entire basin over 10,000 km?
(Cotillon et al. 1980). Furthermore, we thor-
oughly examined the cyclicity of a Neocomian
section at Angles and Vergons, located in the
eastern part of the basin. (Cotillon and Rio, in
press).

Along southern Tethyan margins, we focused
our attention on two areas: ~ the Lombardian
basin (northern Italy) where the Lower Cre-
taceous deposits are thinner and much more cal-
careous (Majolica facies) than in southeastern
France. — Northeastern Tunisia, and more pre-
cisely the Djebel Oust basin, where sections are
expanded due to detrital input.

Finally, we studied limestone-marl cycles at
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Fig. 1. Location of areas investigated for Lower Cretaceous bedscale cyclicity.
1: Lombarian Alps, 2: Vocontian Trough, in southeastern France (Subalpine Ranges). A: Angles, V: Vergons, 3: northeastern

Tunisia, DJO: Djebel Oust Basin.

several oceanic sites (Cotillon and Rio, in press).
For some (DSDP site 534, Central Atlantic, sites
535 and 540 in southeastern Gulf of Mexico) our
investigations were based on samples and core
photographs. For others (DSDP sites 370, 386,
387, 398 in North Atlantic, 369 and 364 in South
Atlantic, 167 in Mid Pacific) we only used core
photographs.

Characters and significance of analyzed cycles

The investigated sections consist of bed-scale se-
quences comprising two or three of the following
lithological units:

Clear micritic limestone which contains more
than 80% CaCOQ, and occurs as hard beds gener-
ally burrowed throughout. The maximum de-
velopment of planktonic remains occurs in these
beds, in particular, nannoconids which constitute
the bulk of the micrite. Radiolarians calcitized
during the diagenesis also occur.

Grey marly limestone, with 60 to 80% CaCOs.
These beds show a maximum diversity of

planktonics including foraminifera and radi-
olarians (Darmedru et al. 1982).

Dark marl or black shale interbeds in which
CaCO; content reaches at maximum 60%. Marls
are the richest both in benthonic remains and
coccoliths. These beds correspond to the least
diversified and dense microfaunal populations.

Marls and marly limestones, which are rarely
bioturbated at oceanic sites, are generally lami-
nated.

In all the areas mentioned the bed-scale cycles
show approximately the same range of duration.
According to stratigraphic stages at Angles-Ver-
gons and at sites 534, 535, 540, they vary from
3000 to 72,000 years and average between 10,000
and 26,000 years for major cycles and between
4000 and 11,000 years for minor cycles. These
values are consistent with other estimations re-
lated to the same type of cycles (table 1).

We also observed a similar distribution of the
chief sediment components forming the cycles.
For example:

Limestone like clay follows a sinusoidal varia-
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LOCATION AGE

DURATION OF CYCLES

AUTHORS

Early Cretaceous
Core 26

Site 367 (Cape
Verde Basin)

37,000 years

DEAN et al., 1978

Site 463 (mid
Pacific Mountains

Upper Aptian to
Early Albian

14,000 to 38,000

FERRY et al., 1981
years

Sites 386 and 387

17,000 and 20,000

McCAVE, 1979

(Western North Albian years

Atlantic)

Sites 399 and 400 Albian 36,000 to 44,000 MONTADERT et al.,

(Bay of Biscay) years 1979
" Aptian 21,000 to 29,000 "

years

Site 398 (North
Atlantic)

Aptian-Albian

30,000 to 100,000

ARTHUR, 1979
years

Western Interior Cretaceous

U.S.A.

30,000 to 50,000

KAUFFMAN, 1982
years

Umbria (Italy) Mid Cretaceous

23,400 years

De BOER, 1982

Table 1. Some examples of limestone-marl cycle duration in pelagic Early and Middle Cretaceous sediments.

tion of concentration that is inconsistent with the
distribution of the same materials within tur-
bidites (Cotillon et al. 1980).

Organic matter is always more abundant in
marls than in limestones (cf. Lancelot et al. 1972,
Thierstein 1979, Arthur 1979, Meliéres et al.
1981, Brumsack and Lew 1982).

The microfaunal distribution parallels, or is op-
posite, to the lithological cyclicity expressed by
calcimetric curves (Darmedru et al. 1982).

These characters lead to a common interpreta-
tion for all the studied bed-interbed cycles. That
is an alternation between periods of high
planktonic production in ventilated environments
(for the limestones) and periods of both weak
photic layer fertility and bottom stagnant condi-
tions (for the marls) (Cotillon and Rio, in press).

Only global controls may explain the common
characters and the extensive distribution of alter-
nating series. The most likely is climatic events,
which were invoked many years ago, and are
often thought to be induced by variations of

Earth orbital parameters which follow three peri-
ods; 21,000, 41,000 and 100,000 years (Croll
1864, Milankovitch 1930, 1941, Imbrie 1982).
This climatic hypothesis is strengthened by the
trans- and interoceanic correlations based on -
limestone-marl cyclicity.

Cyclicity correlations

These correlations are based on the variation
through time of some parameters characterizing
bed-interbed cycles:

The thickness, measured between the base of
two successive marly interbeds (fig. 2), is used,
with other criteria, to distinguish two kinds of
cycles: major cycles, over 10 cm thick, displaying
a great amplitude of calcimetric variation; minor
cycles, over 5 cm thick, which occur within the
major cycles and show weak calcimetric variations.

The frequency, which is the number of cycles
occurring within given intervals, e.g. the drilling
cores of the Deep Sea Drilling Project (9.5 m).



94

1 CYCLE net
————\ ;- %
L =1 =\
3
—_— 1 e | I 4
I —_— | -_]
< ‘
T b
J 3 CYCLE n-1
T T 7

Fig. 2. Conventions for cycle characterization: a: limestone
unit, b: marly limestone unit, c: marly unit.

Western Tethys correlations using
cycle-thickness variation

(fig. 3).

For three sites: 534, 535 and Angles-Vergons
(Vocontian basin), “cyclograms” were con-
structed showing the thickness variation of major
cycles through the Valanginian-Hauterivian suc-
cession. This sequence was approximately delim-
ited and subdivided offshore by available bio-
stratigraphic markers.

The main elements used for the correlations
are the following:

- general evolution of the thickness of bed-
interbed cycles which is megacyclic by itself.

— discontinuities of this evolution.

— particular groups of cycles, for instance, cy-
cles with a similar length which follow each other.

— proportions and distribution of long cycles
with regard to short ones. Based on these crite-
ria, plus the biostratigraphic markers, close sim-
ilarities appear at many points on the cyclograms.
They allow accurate correlation of the three suc-
cessions and to use for Valanginian oceanic series
the biozonation of Angles’ parastratotype.

Besides, this correlation evidences a gap of the
uppermost Hauterivian section at site 535.

Cotillon: Tentative world-wide correlation

Worldwide correlations using cycles-
frequency variation

The curves of major cycle frequency for Valangi-
nian-Hauterivian successions at sites 535, 534 and
Angles-Vergons (fig. 4), show similar evolution
until the upper Valanginian (7rinodosum zone of
the Angles-Vergons succession) and for the
whole Neocomian in the two DSDP sites. In ad-
dition, particular points appear at the same levels
in the three sites — situated at changes in evolu-
tionary trends. One (A) occurs at the lower/up-
per Valanginian transition and the other (B) just
above the Valanginian — Hauterivian transition
(1). As with the cyclograms, the curves of the
major cycle frequency display a gap at the uppér-
most Hauterivian section at site 535.

Other curves (fig. 5), drawn for the Cenoma-
nian (?) at site 535 and the Albian at site 540, 20
km apart, demonstrates partial overlapping
(parts X Y Z of the curves).

Such a result aboard the Glomar Challenger on
Leg 77 could not have been achieved by the tradi-
tional methods of correlation based on lithology
and biostratigraphy.

The curves of minor cycles frequency were also
utilised. At two Neocomian sites (534 and 391)
(fig. 6), 40 km apart in the same basin, some
stratigraphical boundaries are evident in a succes-
sion (at site 391) which was hitherto inadequately
subdivided.

Similar curves (fig. 7) have been drawn for the
Neocomian of sites 534 and 535, which occur in
two different basins 1100 km apart separated by
the Bahamian Platform. Several points of cor-
relation (C to H) are evident. The gap of the
uppermost Hauterivian section at site 535 again
appears when the curves are compared.

Finally, the similarity between curves of the
Hauterivian and Albian sections of 8 Atlantic and
one Pacific sites suggests possibilities for world-
wide correlation (fig. 8-9).

Discussion

The parallel evolution through time of para-
meters used for characterization of bed-interbed
cyclicity confirms the hypothesis of global control
of alternating sedimentation.

Climatic fluctuations most likely explain the



Bulletin of the Geological Society of Denmark, vol. 33 1984 95

Site 534 Cyclograms (= succession of major
- cycles represented by their
Angles

AGES
20
GL
CYCLOZONES

THICKNESSES

relative lengths).
Vergons

= © 4
<C . =
= o loe Truncated cycles by slumps (Vergons)
= = or non recovery (oceanic sites).
[S¥]
-
)
<<
T
" Site 535 , ;
= Representative curve of the evolution
L @ e
35 g of cyclicity.
. z
: 5
= C
~ @0 Discontinuities of the evolution of
o ) cyclicity (black = long cycles
= gy
3 succeeding to short ones.
T 5 White: inverse phenomenon).
>
a4 .
= f—— Correlations between some parts of
é [ +  cyclograms.
o ' *  (Full line = same succession of cycle
F.z { lengths. Dashed line = same
= |25 { evolutional trend).
<z
= |2 { o .
Zle =  Situation of the “faisceau du )
o= ] =  Toulourenc”, a basin wide set of beds
i L_J 3 studied in the South-East of France.
-t
5|: ?
: @
° t Limits of stages and substages.
> s
| =
— |« ~ = == Limits of Valanginian biozones.
<< |2 1 .
- ‘e
] = « ~—+  Limits of cyclozones.
_ gt 3
T -
'l S Slumps.
: - g v P
o
z |- 8
< |° .
z|I ~ ;
ols : f
z < : }
< — :
— | w
SE /
il I e - {
z
< H
>[e[E V7 T L By e
- | = f
o w
a
<
[SF]
-1 {

Fig. 3. Correlations between Sites 535, 534 and Angles-Vergons, based on the cyclicity of deposits illustrated by “cyclograms” (for
Valanginian and Hauterivian periods only).
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Fig. 4. Evolution of the number of major cycles per core or per 15 m of deposit (Angles-Vergons) across the Valanginian-Hauterivian

interval.

A and B are two correlated trend reversals. Stratigraphic boundaries are represented by dashed lines.

decimetric. limestone-marl cyclicity. The most
frequent periods for major cycles fall into four
groups: 11,500 to 15,000, 18,000 to 22,000,
25,000 to 28,000 and 35,000 to 39,000 years. The
most frequent megacycles displayed by the cyclo-
grams are 48,000, 64,000, 80,000 and 96,000
years long. These numbers are consistent with
many other estimates for alternating series
(Fischer 1980, Dean et al. 1981, De Boer 1982,
Schwarzacher and Fischer 1982) for which depen-
dence on Milankovitch cycles is invoked.

The more ore less cyclic fluctuations followed
by the curves of minor cycle frequency may be
related to accumulation rate variations. In dif-
ferent stratigraphical units of Early Cretaceous
age at sites 534, 535 and 540, the average fre-
quency of minor cycles per core correlates with
the accumulation rate calculated according to the
time scale proposed by Kennedy and Odin (1982)
(Cotillon 1983) (fig. 10).

Theoretically, in the studied successions two

factors may govern the accumulation rate: the
calcareous production of near-surface water and
the dissolution of calcareous particles during de-
position.

The reality of the first factor is proved by the
following observations:

— the bulk of micrite in both limestone and
marly beds results from accumulation of nan-
noconids and coccoliths.

~ the mean thickness of limestone beds is
nearly twice that of marly interbeds, and the for-
mer have accumulated more quickly than the lat-
ter (Cotillon, Gaillard and Jautée under study).

— at sites 535 and 540 the bulk of C in sedi-
ments, generally considered to reflect planktonic
productivity, is positively correlated to accumula-
tion rate (fig. 11).

The second factor (dissolution) appears un-
likely because there is no significant evidence
that it occurred on the calcareous biological re-
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Fig. 6. Evolution of the number of minor cycles per core across the Valanginian-Hauterivian interval at Sites 534 and 391, C to H:
correlated points of the minor cycles curves. Stratigraphic boundaries are represented by dashed lines.

mains. Furthermore, all these sediments have
settled above the CCD.

There are two main possibilities often associ-
ated which may influence the near-surface water
fertility of the world-ocean. These include long-
term climatic fluctuations running to one million
years or eustatic variations. In each case, the
environment (through oxygenation, tempera-
ture, currents, nutrient concentration) and ter-
restrial supplies may be affected and con-
sequently the planktonic production.

_According to Arthur (1979), Vincent .(1981),
Berger (1982) and De Boer (1982), the fluctua-
tion of sea level moves the terrestrial source of
suspended, dissolved, mineral and organic prod-
ucts away or towards the basin center. This modi-
fies the current circulation and consequently may
favour or reduce the planktonic activity.

Climate and eustatic sea-level changes may

also determine the CCD position (Berger and
Winterer 1974, Denis Clochiatti 1982).

Whatever their actual significance, the cycle
frequency variation curves represent an efficient
stratigraphic tool, facilitating transoceanic cor-
relations, especially when biostratigraphic meth-
ods are ineffective. Furthermore, significant
trend reversals reflect some major western Teth-
yan Lower Cretaceous boundaries. Example of
this include the boundaries between the Early
and Late Valanginian and between the Valangi-
nian and Hauterivian successions (figs. 4, 7). The
first of these boundaries is particularly important
because it relates to the following concomitant
events:

— a lithological break in southeastern France,
eventually accompanied by a stratigraphical gap
(Arnaud et al. 1981).
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Fig. 9. Curves of minor cycle frequency drawn for Hauterivian and Albian sections of the Atlantic and Pacific DSDP sites. Dashed

lines: correlated levels.

—in the Vocontian basin a greater supply of silt
accompanying clay minerals.

— geochemical signals pointed out in the Gulf
of Mexico (Debrabant et al. in press) and at site
534 (Chamley et al. 1983).

>

oy -
o o

® ALB.540

VALANG. 53¢
o ®VALANG.535

501 HAUT.S34 @

® HAUT. 535

~Now S
o O o
T

Average Nb.of minor cycles/core

s
=]

M 20 30 &0 %0 >

Accumul. rate (m/My)
Fig. 10. Correlation between the average number of minor
cycles per core, calculated for some stratigraphic intervals, and
the sedimentation rate.

— in the Vocontian realm a faunal renewal
(Boisseau et al. 1982).

— an invasion of boreal ammonites into the
Tethys (Thieuloy 1977).

Unfortunately, the correlation method by
cyclograms and by the curves of minor cycle fre-
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quency are inappropriate when drilled sediments
are poor recovered, when accumulation rates are
vastly different or when lateral supplies of sedi-
ment are important.

Conclusions

The proposed correlation between offshore and
onshore successions, on the basis of limestone-
marl cyclicity, confirm that the alternation and its
characters (frequency and thickness of bed-inter-
beds couplets) was controlled by global causes.
Climatic variations, linked possibly to Earth orbi-
tal fluctuations (Milankovitch’s cycles) could ex-
plain the bed-scale cycles and the evolution of
their thickness in time.

Greater-order climatic or eustatic variations
would have induced the evolution through time
of cycle frequency which, in the case of minor
cycles, parallels the evolution of calcareous
planktonic productivity.

Cyclograms and curves expressing these varia-
tions appear as useful stratigraphic tools which
may compensate for a lack of biostratigraphic
data and improve the correlation of pelagic sec-
tions over widespread areas.

These correlations have confirmed the impor-
tance of some Neocomian stratigraphic bound-
aries, which reflect global events.

Dansk sammendrag

Pelagiske kalk- og mergel sekvenser fra nedre kridt i Tethysom-
rdet er cykliske. Parametre brugt til karakterisering af cyk-
lerne (magtighed, sammensatning, mineralogiske og mikro-
palzontologiske data) viser parallel udvikling i tid over store
omrader og cyklerne kan siledes benyttes til ngjagtig korrela-
tion. Konstruktion af »cyklogrammer«, baseret pa variation i
magtighed tillader sdledes korrelation af sekvenser fra det syd-
estlige Frankrig til den mexicanske golf i valanginien. Varia-
tioner i det cykliske mgnster, der afspejler den globale plank-
tonproduktion, kan, specielt i hauterivien og albien, bruges til
transoceanisk korrelation.
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