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Abstract

A detailed analysis of sedimentary organic matter (SOM) has been carried out in Upper Jurassic deep-water marls and
carbonates of the Vocontian Basin (SE France). Its main purpose is to analyse the vertical and lateral trends of SOM distribu-
tion, in order to better understand processes and factors controlling the accumulation and preservation of organic constituents in
basinal environments. The Vocontian Basin is characterized by widespread oxic depositional environments in the Upper
Jurassic, as confirmed by the very low total organic carbon content (less than 0.25 wt.%). For such organic-poor deposits,
palynofacies analysis represents the best tool to investigate SOM. Stratigraphic analysis of palynofacies trends has been
performed within a pre-established sequence stratigraphic framework, defined by means of field sedimentology and, subse-
guently, complemented through lateral correlations, biostratigraphical constraints and geochemistry. This approach highlights
the vertical signatures which are directly related to relative sea level changes. Furthermore, lateral correlations of palynofacies
trends, at the scale of 3rd and 2nd order cyclicity, permit the signatures observable at basin scale to be distinguished from those
detectable only at local scale. The former are controlled by factors affecting the whole basin, such as eustasy, regional tectonics
and climate.

The palynofacies signatures at the scale of 3rd order cyclicity reflect relative sea level changes and the degradation state of
SOM. Taking into account the preservation state of organic constituents leads to a better understanding of the relationship
between SOM and sequence stratigraphy. Usually, condensed sections about maximum flooding surfaces are characterized by ¢
decrease in the relative proportion of the terrestrial organic constituents. As far as sequence boundaries are concerned, they are
marked by an increase in the relative proportion of continental organic matter, which results from a renewal of the erosion
related to relative sea level fall. An increase in fresh woody debris has not been systematically observed at sequence boundaries.
Nevertheless, the abundance of fresh woody debris tends to decrease stratigraphically towards maximum flooding intervals and
laterally in a distal direction. The vertical palynofacies signatures at the scale of 2nd order cyclicity appear to be controlled by
tectonics. In the Upper Oxfordian to Lower Kimmeridgian interval, these signatures confirm the hypothesis of a regional uplift
of the hinterland and/or a differential basin subsidence related to the intense rifting activity in the Proto-Atlantic or to the
westward opening of the Tethy® 2000 Elsevier Science B.V. All rights reserved.
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Fig. 1. Early Kimmeridgian palaeogeography of the Vocontian Basifrom Enay, 1984). Oze- Chaeauneuf d’Oze section, GeyGorges
de 'Eygues section, Lo& Louyre section. According to Baudrimont and Dubois (1977), a major sill (the “seuil dauphinois Gap-Sisteron”)
divided the southern part of the Vocontian Basih into two areas: the Vocontian Zoses and the Gap-Digne Basin.

1. Introduction 1982; Habib, 1983; Tyson, 1987; Tissot, 1989; Klemme
and Ulmishek, 1991; Creaney and Passey, 1993).

The relationships between relative sea level change, More recently, there has been an increasing interest
palaeoenvironmental conditions, and composition and in the contribution of SOM to the interpretation of
amount of sedimentary organic matter (SOM) have been depositional environment and sequence stratigraphy.
investigated by many authors. Most of these works During the past 15 years, many studies have shown
focus on organic-rich facies and study the best condi- how organic matter is able to record variations in
tions for accumulation and preservation of organic eustasy, climate, oxycity, sedimentation rate, etc.
matter, in order to define sedimentary models predicting even in organic-poor sediments (e.g. Habib and
occurrence and type of source-rocks (e.g.lItuand Miller, 1989; Powel et al., 1990; Gorin and Steffen,
Suess, 1979; Demaison and Moore, 1980; Ibach, 1991; Pasley et al., 1991; Gregory and Hart, 1992;
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Fig. 2. Lithological and sequence stratigraphic legend for the description of the studied sections.

Partington et al., 1993; Blondel et al., 1993; Steffen 2. Description of studied sections
and Gorin, 1993a,b; Tyson, 1993, 1995 and 1996;
Sittler and Ollivier-Pierre, 1994; Pittet and Gorin, 2.1. Geological setting
1997; Waterhouse, 1998). These studies do not neces-
sarily focus on source-rock occurrence. Considering The Vocontian Basin is located on the north-
organic facies analysis as a simple tool, they attempt Western margin of the Tethys; its evolution is essen-
to provide a complementary method for integrating tially related to the opening of the Ligurian Ocean.
and, eventually, improving standard sedimentological During the Late Jurassic, the studied area was char-
observations in both shallow-water and deep-water acterized by synsedimentary tectonics and horst and
deposits. The present work can be ascribed to this graben structures. Carbonate platforms developed on
latter category. By using detailed palynofacies the northern (Bresse and Jura) and southern rims
analyses, its general purpose is to describe how (Provence). The details of the basin morphology in
SOM contributes to both environmental and sequence the Late Jurassic are not well known. This work refers
stratigraphic interpretation of Upper Jurassic deep- €ssentially to the morphological framework depicted
water sediments of the Vocontian Basin (SE France). by Baudrimont and Dubois (1977). According to these
More precisely, it aims at: (1) identifying which SOM ~ authors, a major sill (the “seuil dauphinois Gap-
signatures are directly related to third order relative Sisteron”) divided the southern part of the Vocontian
sea level changes; and (2) identifying which SOM Basins.l.into two areas: the Vocontian Zorses.and
signatures are controlled, at least partially, by other the Gap-Digne Basin (Fig. 1).
palaeoenvironmental factors, such as climate,
tectonics and degradation. 2.2. Lithology

In order to identify the organic signatures
controlled by relative sea level changes, SOM has The lithology of the Upper Jurassic interval is very
been analysed with respect to a pre-established homogeneous and consists essentially of fine-grained
sequence stratigraphic framework. The latter has carbonate and marl alternations, and slumps (Figs. 2—
been defined by means of field sedimentological 4). Microfacies do not display a great variability, most
observations and subsequently calibrated with the limestones being pelagic to hemipelagic mudstones/
cycle chart of Hardenbol et al. (1998) using biostrati- wackestones. Consequently, the sedimentological
graphic data from dinoflagellate cysts (Jan di@he descriptions are very simple and mainly focused on
personel communication) and ammonites (Atrops, bedding pattern and on concentration of bioclasts,
1982 and personel communication). bioturbation and authigenic minerals.



180 L. Bombardiere, G.E. Gorin / Sedimentary Geology 132 (2000) 177-203

LST
HST
TST
LST
HST
TST
LST

Ratio of opaque
to translucent phytociasts
(OP/TR ratio)

N Is .
N E5E
O i o
TR 282
2 g20 ~
= - o
2 » 1
< i N ! NN
i & F vvv |v v v T v ¥
F w
«L slim MR
e H
Q bl B A e R
i E saplowsaqg | seoulydsoyuo IEG)
%
<f wnpAoojesdiy ejoulle|ld ejnueld
-~ - — - e U -
0 e g _— - -
)
k-1
&
g
H
'3
°
B
£fc
|
g2z
BEE
gE3
22Q
-
1
E 5 v v v v v v v vy v v v ¥ v v v
—
> {1 h | I {
3 et et L
3 7 i | i i j
,EE AR b S - " saplowsaq sapuydsouo
g
< Ei wnphoojesdAH ejoufjeld
B

Fig. 3. Lithology, sequence stratigraphy and lateral correlation of the ratios of continental to marine fraction (CONT/MAR ratio) and opaque to
translucent phytoclasts (OP/TR ratio) for the sections of Louyre afite@haeuf d'Oze in the interval spanning maximum flooding surface Ox8

to sequence boundary KirhSee Fig. 1 for location and Fig. 2 for legend. LSTowstand systems tract, TS¥ transgressive systems tract,
HST = highstand systems tract.

As far as the origin of fine-grained deposits is ments supplied by planktonic organisms and only by
concerned, two different sources are possible. Stroh- minor platform-derived carbonate mud. Their inter-
menger and Strasser (1993) interpret the wackestonespretation is supported by the SEM observation of
in the Berriasian of the Vocontian Basin as being abundant nannoplanktonN&nnoconus On the
formed by a more or less continuous “rain” of sedi- contrary, in the Late Oxfordian deep shelf deposits



L. Bombardiere, G.E. Gorin / Sedimentary Geology 132 (2000) 177-203 181

of southern Germany (Pittet and Strasser, 1998), the graphic intervals. This aspect will be addressed
carbonate mud is thought to be exported from the below.

shallow platform. This is supported by the scarcity R ] )

of nannofossils and insignificant bioerosion in auto- 2-3. Chaeauneuf d'Oze section (Figs. 3 and 4)
chthonous sponge reef. In the Upper Jurassic sections
of the Vocontian Basin, the problem of distinguishing H
between these two different sources of carbonate
remains unsolved. Although the nannoplankton
productivity is supposed to start becoming important
during this time period, there is no evidence in litera-
ture of nannofossil-bearing limestones in the Upper
Jurassic of the Vocontian Basin.

Fine-grained limestonesThey are grey to dark
grey. Their texture is mudstone/wackestone. Bioclasts
are mainly of pelagic nature: calcisphaerulids, Globo-
chaetids, pelagic crinoidsSéccocomp tests of radi-
olarians replaced by calcite, bivalfiaments sponge
spicules and fragments of ammonites. Benthic fora-
minifera are quite rare. Bioturbation is generally
intense. It is highlighted by Fe-oxide and pyrite
impregnations and appears as dark grey stains without
any preferential orientation. Only two ichnofossils
have been recognizedChondrites and Planolites
The interpreted depositional mechanism is pelagic
and/or hemipelagic settling.

Marls. They are generally dark grey and finely
laminated. Bioturbation is intense and shows the
same ichnofacies as in the fine-grained limestones.
The carbonate content varies between 60 and 90%.
Accordingly, they can be defined as calcareous
marls and marly limestones. The depositional
mechanism is pelagic and/or hemipelagic settling.

Limestonemarl alternations. The transition
between the two lithofacies is generally quite gradual.
Limestone—marl alternations can be created through
varying carbonate productivity (dependent on terrige-
nous nutrient input, upwelling and water temperature)
and/or through varying clay input, the whole possibly 2 4 Gorges de I'Eygues section (Fig. 4)
enhanced by diagenetic carbonate migration (Einsele
and Ricken, 1991). In the Vocontian Basin, Lower This section is located in the Dme Provenale
Cretaceous limestone-marl alternations have beenarea (Fig. 1), near Reuzat (geographical coordinates
interpreted as the result of high frequency climatic 44°25N'-5°20'E; geological map 1:50.000 Nyons
cyclicity (Cotillon et al., 1980; Cotillon and Rio, XXXI-39). The studied interval is ca. 52 m thick
1984). and spans the Late Oxfordian (Bimammatum Zone)

Slumps.This type of gravity deposits has been to the Early Kimmeridgian (Acanthicum Zone) time
observed in all the studied sections. As already interval. The sedimentology, geochemistry and
mentioned by Atrops and Ferry (1987), slump sequence stratigraphy have been studied by Piuz
deposits are more likely to occur in specific strati- (1997).

This section is located in the southern part of the
autes Alpes area, some 50 km south of Grenoble
(Fig. 1), along the D20 road between Veynes and
Chzeauneuf d'Oze (geographical coordinates
44°31'N-552'E; geological map 1:50.000 Gap
869). The studied section is ca. 45 m thick and
spans the Late Oxfordian (Bimammatum Zone) to
the Late Kimmeridgian (Acanthicum Zone) time
interval. It has been studied by Atrops (1982) for the
ammonite biostratigraphy and by de RafeSaint-
Sauveur (1996) for the geochemistry.

The lithology mainly consists of massive lime-
stones and calcareous marl-limestone alternations.
Some intervals are particularly rich in ammonites
and the whole section displays bioturbation. The
most intense bioturbation occurs in condensed
sections about maximum flooding surfaces. A slump
is present at the base of the sequence Kjri2the
Hypselocyclum Zone (Hippolytense Subzone). Its
lithofacies is similar to that observed in the overlying
and underlying sediments.

An important hiatus occurs in the upper part of the
section (Acanthicum Zone): the Berriasian directly
overlies Upper Kimmeridgian sediments. This hiatus
appears as a thin disconformity within a single bed
and is not marked by a lithological change. Enay
(1984) interpreted this stratigraphic discontinuity as
resulting from the erosional activity of a submarine
canyon. Seguret et al. (1998) and Moussine-Pouch-
kine et al. (1998) associate this discontinuity with
the erosion by currents of sediments liquefied by
storm waves.
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The lithology is very homogeneous and essentially by Sarg (1988) and Vail et al. (1991). The sequences
made of calcareous marl—-limestone alternations. recognized by Strohmenger and Strasser (1993) and
Bioturbation is common throughout the studied inter- Jan du Chee et al. (1993) in the Lower Cretaceous of
val but does not display variations as large as those the Vocontian Basin are essentially composed of thick
observed in the Chaauneuf d’Oze section. No major lowstand deposits. Jacquin et al. (1991) stated that the
concentrations of fossils and authigenic minerals have carbonate platform in the southern Vercors (France)
been encountered. The stacking pattern of the marl— supplied clastic material to the basin during periods of
limestone alternations is quite regular. The only grav- relative sea level falls, forming lowstand systems
ity deposits observed consist of a ca. 20 m thick slump tracts. In a similar way, the 3rd order sequences recog-
at the base of the sequence Kimid the Hypselocy- nized in the two more distal sections (i.e. Gorges de
clum Zone (Hippolytense Subzone). Its erosional base I'Eygues and Chi@auneuf d’Oze) are represented by
overlies sediments of the Bimammatum ammonite well-developed lowstand systems tracts and thin
Zone. The lithofacies in the slump are similar to transgressive and highstand systems tracts. This

those in the overlying and underlying sediments. pattern is less evident in the more proximal section
_ _ (i.e. Louyre), where the sequence Kiml displays a
2.5. Louyre section (Figs. 3 and 4) thick highstand systems tract (see below).

. L . . . The sedimentological concepts used for establish-
This section is located in the Ardee area (Fig. 1), g P

) ) ing the sequence stratigraphic framework are basi-
near Aubenas, between Lussas and Saint Privat along

he L Ri hical di £3BIN cally the same as those used by Strohmenger and
toe /ouyre lver (geographical coor |.nate . Strasser (1993) and the Lower Cretaceous Working
4°28'E; geological map 1:80.000 Privas 198). The

A . s Group in the Vocontian Trough (Jan du Tleeet
StUd'Ed. interval is ca. 56 m thick. It spans th_e L_ate al.,, 1993). Their studies showed how sedimentary
Oxford|qn (Planula Zone_) o the Late Klmm9r|dg_|an textures (e.g. mudstone/wackestone vs. floatstone/
(Acgntmcum Zone) time m_terval. The ammonite bios- rudstone), structures and bedding pattern (e.g. varying
tratigraphy has been studied by Atrops (1982).

The lithol ; il d of cal thicknesses of limestone beds and marly interbeds)
e_|t 0logy 1s essenpa Yy COMPOSEd 0T CAICAreoUS ofjact eystatic sea level variations and synsedimen-
marl—limestone alternations dominated by thick lime-

beds. A . d bioturbat tary regional tectonics. More precisely, the sedimen-
sr:one he S hmmon_ltes sn lotur anog arc(ja cor_nm(r)]n tological interpretation and the proposed sequential
throughout the section, but are more abundant in the g, jjyision of the studied sections are mainly based
marly intervals. No authigenic mineral concentrations

h b A AG hick of i on lithofacies analysis, concentration of fossils, authi-
havg eenferr:countere ' K'.53mr§ |cbs ump, mar 'ng(%enic minerals, bioturbation and bedding pattern.
the base oft € sequence Kims, has been encounter_e ased on these concepts, a sequence stratigraphic
between the Divisum ammonite Zone and the Lothari

ite Sub Lithofacies in the s . interpretation of the Upper Jurassic section at
ammonite Subzone. Lithofacies in the slump are simi- ~= 00 naif d'Oze has already been proposed by

lar to those in the overlying and underlying sediments. Jan du Chee et al. (in press) (see below)
Lowstand systems tracft ST$. During lowstand

3. Sequence stratigraphic framework periods, carbonate production shifts basinwards (Hag,
1991) and the terrigenous input of clay increases
3.1. Sedimentological concepts (Hag, 1991; Vail et al., 1991). Rapid progradation

can lead to oversteepening of slopes and to slump

The Cretaceous sedimentary record in the Vocon- deposits. The intervals characterized by slumps have

tian Basin appears to be consistent with the “classical” been interpreted as lowstand fan deposits. Intervals
sequence stratigraphic model for carbonates describeddominated by calcilutites and forming thick limestone

Fig. 4. Lithology, sequence stratigraphy and lateral correlation of the ratios of continental to marine fraction (CONT/MAR ratio) and opaque to
translucent phytoclasts (OP/TR ratio) for the sections of Louyre, Gorges de I'Eygues aed@tef d'Oze in the interval spanning sequence
boundary Kim2 to sequence boundary Kim3. See Fig. 1 for location and Fig. 2 for legend=LI8Wstand systems tract, TST transgressive
systems tract, HS¥ highstand systems tract.
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Fig. 5. Lateral correlation and table summarizing the sequence stratigraphic interpretation of the Lower Kimmeridgian in the Vocontian Basin.

See Fig. 2 for sequence stratigraphic symbols.
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beds and thick limestone—marl alternations have beenas abrupt increases in the sedimentation rate and,

attributed to lowstand prograding wedges. consequently, as sequence boundaries. In fact, they
Transgressive surfacesSome transgressive sur- record a basinward shift of carbonate production and

faces are characterized by concentrations of fossils sedimentation, and/or an increase in the terrigenous

(essentially ammonites and belemnites), pyrite and input of clay.

intense bioturbation. However, most of the transgres-

sive surfaces can only be inferred from their strati- 3-2. Sequence stratigraphic interpretation

graphic position between the lowstand systems tract

(below) and the transgressive systems tract (above).
Transgressive systems tra€isSTs). The increase

in carbonate production and sedimentation on the

platform leads to carbonate depletion and condensa-

tion in basinal environments (Hag, 1991). This inter- : . I .
. X SN only difference is the position of the maximum flood-
val is characterized by a thinning-upward trend of the . U
ing surface of the sequence Kim1: it has been placed

limestone beds and marl-limestone alternations. in the lowermost Hypselocyclum Zone (Hippolytense
Higher order transgressive surfaces, related to para- yp y bpoly

o Subzone), instead of the uppermost Platynota Zone
sequences, have been frequently observed in this type(GuiIherandens;e Subzone) (Bombardiere and Gorin
of interval. )

. . . : 1998). We have chosen a different interpretation,
Maximum flooding surfacesMaximum flooding ; . : . . .
" . ignoring the biostratigraphical constraints of Harden-
surfaces generally occur within condensed sections

(CS) corresponding to the upper part of the transgres- ggltaezsglé éle?(?v%; because of field sedimentological
sive systems tracts and the lower part of the highstand '

. i According to Jan du Clme et al. (in press), the
systems tracts (primary condensed sectigesisu sequence Kim2 has been divided into two sequences
Loutit et al., 1988). They record starved conditions q q '

. ) . They have been called Kimand Kim2' to avoid any
and are marked by concentrations of fossils, pyrite . . L
i . . . confusion with Hardenbol et al. (1998). This interpre-
and intense bioturbation. The primary condensed [ . " ' \
: : tation is confirmed by geochemical data and correla-
sections are generally represented by marl-dominated . : ) L :
; oo . tion with another proximal section in the Vocontian
intervals or thin limestone-marl alternations. Gener- : . S
o e : . X . Basin. The sequence boundary Kifadccurring in
ally it is quite difficult to precisely identify the maxi- . .
. . the lower part of the Hypselocyclum Horizon, is
mum flooding surface. In fact, in most condensed
: . .~ supported by the manganese content curves at
sections there are two or three surfaces displaying ~, % , : .
. . . Chaeauneuf d'Oze (de Rafelis Saint-Sauveur, 1996)
sedimentary features of maximum flooding surfaces. ) : .
. . and Gorges de I'Eygues (Piuz, 1997). Moreover, in
Highstand systems tracttHST9. As mentioned N e .
. . the Ardeche area, it is laterally correlated with a
above, the early highstand deposits are generally . .
. ) slump in the section of Crussol (Atrops, 1982),
condensed. The relative sea level fall during the late : :
) . . . located on the western margin of the basin.
highstand systems tract is characterized by a thicken- L . .
. . The sequential interpretation of the interval
ing-upward tendency of limestone beds and of marl—

. . o . .. spanning from the maximum flooding surface of
limestone alternations. Usually, this interval is quite the sequence Ox8 to the sequence boundary of the
thin with respect to the lowstand deposits and is d q Y

; X : ; o sequence Kim3 is schematically described below for
inferred from its stratigraphical position between . .
. . the three studied sections.

the maximum flooding surface and the sequence
boundary. _ _ 3.3. CHaeauneuf d’Oze (Figs. 3 and 4)

Sequence boundarieBrosive surfaces at the base
of slumps and gravity flows are interpreted as Ox8 the maximum flooding surface has been
sequence boundaries. Boundaries between marl-placed in a thick marly interbed characterized by
dominated intervals (or thin limestone—marl alterna- intense bioturbation and concentration of ammonites.
tions) and limestone-dominated intervals (or thick This marly interval is an event of regional importance
limestone—marl alternations) have been interpreted and can be recognized in the whole basin and in other

The sequential interpretation presented here for the
interval spanning the latest Oxfordian to the Lower
Kimmeridgian (Figs. 3-5) is a slightly modified
version of the sequence stratigraphic framework
established by Jan du Ome et al. (in press). The
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northern Tethyan domains (Atrops, 1982; Atrops and been essentially inferred from lithological and bio-
Elmi, 1984; Atrops and Ferry, 1987). stratigraphical lateral correlations with the other

Kim1l The sequence boundary Kim1 is marked by a sections.
sudden lithological change and has been placed at the Kim2". The sequence boundary has been inferred
base of a limestone-dominated interval interpreted as from lateral correlations with the other sections. The
a lowstand prograding wedge. The top lowstand top lowstand surface is marked by a bedding change.
surface has been picked in a marly interbed represent-The maximum flooding surface has been placed in a
ing a bedding change. The maximum flooding surface marl-dominated interval.
has been chosen in a marly interbed displaying strong Kim3. The base of a massive limestone bed has
evidences of condensation, such as concentration ofbeen picked as the sequence boundary Kim3. The
ammonites, intense bioturbation and presence of glau- overlying thick marl—limestone alternations represent
conite. the lowstand prograding wedge.

Kim2'. The sequence boundary has been chosen at
the base of a slump, interpreted as a lowstand fan 3.5- Louyre (Figs. 3 and 4)
deposit. The transgressive systems tract displays
clear sedimentary and biostratigraphical evidences
of condensation. The Discoidale ammonite Horizon,
which marks the base of the Lothari Subzone, is
strongly condensed and characterized by a concentra-
tion of ammonites and bioturbation. The maximum
flooding surface has been placed in the upper part of
this thin interval.

Kim2". The sequence boundary is marked by a
bedding change and is confirmed by lithological and
biostratigraphical lateral correlation. At Crussol (see
above) it corresponds to a slump deposit. The over-
lying limestone-dominated interval has been inter-
preted as a lowstand prograding wedge. The
maximum flooding surface has been placed in a
condensed marly interval. The latter is observable
across the whole basin (Atrops, 1982; Atrops and
Elmi, 1984; Atrops and Ferry, 1987).

Kim3. The sequence boundary has been chosen at
the base of a limestone-dominated interval, inter-
preted as a lowstand prograding wedge.

Ox8 the maximum flooding surface has been
placed in a marly interval characterized by a concen-
tration of ammonites and intense bioturbation.

Kiml. The sequence boundary is marked by a
bedding and lithological change. The overlying lime-
stone-dominated interval has been interpreted as a
lowstand prograding wedge. The maximum flooding
surface has been picked in a marl-dominated interval
characterized by intense bioturbation.

Kim2'. The sequence boundary, located at the base
of a limestone-dominated interval, is marked by a
bedding change. The overlying limestone-dominated
interval represents the lowstand prograding wedge.
The top lowstand surface is characterized by a
bedding change. The maximum flooding surface is
highlighted by a decrease in the thickness of beds
and interbeds.

Kim2". The sequence boundary is placed at the base
of an undulating surface and it is marked by a bedding
change. The thick limestone-marl alternations of the
overlying interval represent the lowstand prograding

) wedge. The remaining part of the sequence has been
3.4. Gorges de I'Eygues (Fig. 4) eroded by the basal deposits of the sequence Kim3.

Kim3. The sequence boundary is placed at the base
of the slump interpreted as a lowstand fan deposit.

The correlations of the depositional sequences and
systems tracts highlight the following points (Fig. 5):

In the monotonous section of Gorges de 'Eygues,
characterized to a large extent by regular aggradation,
some surfaces have been inferred from lithological and
biostratigraphical lateral correlation with the other
sections. The sequences Ox8 and Kiml have beene the CHaeauneuf d’Oze section is condensed with
eroded by the lowstand deposits of the sequence Kim2 respect to the Gorges de I'Eygues and Louyre

Kim2'. The base of the thick slump in the lower part sections, especially in the transgressive and high-
of the section, interpreted as a lowstand fan deposit, stand systems tracts;
has been chosen as the sequence boundary’Kirha ¢ lowstand fan deposits are mostly confined to the
top lowstand and maximum flooding surfaces have  Kim2' lowstand systems tract;
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Preservation potential
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Fig. 6. Palynofacies classification used in this study and preservation potential (modified from Bombardiere and Gorin, 1998). Sporomorphs,
marine phytoplankton and foraminifera constitute the palynomorph group. The preservation potential of each palynofacies constituent is
illustrated on the right hand side.

e the sequence boundary Kimi related to a major Percentage (based on particle number) has been
relative sea level fall and is probably a sequence established by counting at least 300 particles in each
boundary of type 1 (in Normandy, Jan du @leect slide. Moreover, in order to estimate their preserva-
al.,1995, recognized a sequence boundary of type 1tion state, organic constituents have been also
at the base of Kim3; and analysed in incident blue light microscopy, using a

e the top lowstand surface of Kim® a major trans- ~ 450—-490 nm excitation filter. The organic residues
gression in the Lower Kimmeridgian sequential were produced by following the standard palynologi-
evolution of the Vocontian Basin. cal procedure described by Steffen and Gorin

(1993a,b). In order to determine the minimum signif-
icant difference in the numerical palynofacies para-

4. Methods and concepts of palynofacies analysis ~ meters used in this work (see below), additional

counts have been repeated in six slides. The recalcu-
The study of the organic matter has been performed lation of these parameters displays a deviation lower
by means of detailed palynofacies analyses. In fact, than 8% and, consequently, their level of significance
the total organic content in the studied sections is is expected to bet8%. The percentages based on
generally very low (less than 0.25 wt.%; Bombardiere counting less than 50 elements have been considered
and Gorin, 1998) and, in such organic-poor sediments, as insignificant.

palynofacies analysis represents the best tool to inves- In order to minimize the palynofacies variations

tigate SOM. Palynofacies analysis is defined as the related to 5th and/or 6th order cyclicity (i.e. lime-

study of organic facies using transmitted light micro- stone—marl alternations), most samples have been
scopy (Tyson, 1993). It involves the identification of taken in marly interbeds. Anyway, the variations
palynomorphs, plant debris and amorphous compo- observed in limestone—marl alternations appear to
nents, their relative (and absolute) abundance, sizebe minor when compared to those observed at the
spectra and preservation state (Combaz, 1964, 1980).scale of parasequences and sequences.
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4.1. Classification and general principles

There are many classifications of SOM (e.g.
Combaz, 1964,1980; Staplin, 1969; Burgess, 1974;
Bujak et al., 1977; Parry et al.,, 1981; Whitaker,
1984; Boulter and Riddick, 1986; Hart, 1986; Powell
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ized by a low density and their portability is supposed
to be higher than that of semi-opaque phytoclasts
(Van der Zwan, 1990).

The marine fraction is composed of dinoflagellate
cysts, other marine algae, foraminiferal linings and
AOM derived from the alteration of marine constitu-

et al., 1990; Davies et al., 1991; Steffen and Gorin, ents. In thermally immature sediments, fluorescent
1993a; see Tyson, 1987 for a correlation between the AOM is considered to be of algal/bacterial origin
main organic groups). In the present study, the classi- and characterizes low-energy, oxygen-depleted envir-
fication proposed by Steffen and Gorin (1993a) and onments (Staplin, 1969; Bujak et al., 1977; Tyson,
modified by Bombardiere and Gorin (1988) has been 1987). On the other hand, non-fluorescent AOM
used (Fig. 6). It can be considered as a modified may be derived from the degradation of both marine
version of the classification defined by Whitaker and terrestrial material.
(1984), known as the “Shell Palynomaceral Classifi- The most efficient mechanism of organic matter
cation”. degradation is the bacterial oxidative breakdown.
The continental fraction comprises opaque phyto- The rate of consumption is related to the availability
clasts (oxidized debris of higher plants), semi-opaque of electron acceptors (the most important of which is
phytoclasts (partially oxidized debris of higher oxygen). In pre-depositional degradation, exposure
plants), translucent phytoclasts (non-oxidized debris time to microbial activity is proportional to bathyme-
of higher plants), terrestrial fungal hyphae, terrestrial try and distance from the source area (e.g. shoreline
sporomorphs (land plant pollen and spores) and amor- for the continental fraction and upwelling zones for
phous organic matter (AOM) derived from the degra- the marine fraction). In post-depositional degradation,
dation of terrestrial constituents. Opaque phytoclasts exposure time is mainly controlled by sedimentation
consist of usually uniformly black or almost black, rate, bioturbation and reworking (Mar and Suess,
equidimensional or lath-shaped, structureless parti- 1979; Ibach, 1982; Tyson, 1987; Huc, 1988).
cles. They are essentially composed of charcoal and Organic matter displays different preservation
biochemically oxidized wood. In spite of their high potentials according to its original composition
density (Van der Zwan, 1990), they display a high (Huc, 1980; Tegelaar et al., 1989; de Leeuw and
portability and can undergo long distance transport. Largeau, 1993). Generally, lignin-rich and lipid-rich
Opaque phytoclasts have been divided into equidi- compounds are quite resistant to degradation, whereas
mensional and lath-shaped particles because of theircarbohydrate-rich and protein-rich compounds
different hydrodynamic behaviour, the latter being display very high decomposition rates and are usually
characterized by the highest portability (Parry et al., not preserved (Huc, 1980). Opaque phytoclasts are
1981; Whitaker, 1984; Steffen and Gorin, 1993a). considered as the most refractory material. Fig. 6
Lath-shaped opaque phytoclasts consist of elongateattempts to assess the relative preservation potential

particles whose length to width ratio is higher than
two. Semi-opaque phytoclasts consist of brown to
dark brown, equidimensional or lath-shaped particles,
with or without visible structure (commonly structure-
less). They mostly include material derived from
partial oxidation of cortex, stem and root tissues.
Their density is relatively high and their portability
is supposed to be low (Van der Zwan, 1990). Trans-
lucent phytoclasts consist of brown to orange, usually
structured particles. They are composed of leaf, stem,

cortex and root tissues. Leaf debris appears as thin,

of palynofacies constituents on the basis of both
supposed biochemical composition and optical
evidences. Relative preservation potential of organic
constituents suggests that palynofacies residues
affected by strong degradation are likely to contain a
high proportion of lignin-rich organic matter such as
opaque phytoclasts, whereas lipid-rich constituents
such as dinoflagellate cysts are more likely to occur
in less degraded SOM.

In the studied sections, the continental fraction is
essentially composed of phytoclasts and sporomorphs

transparent, structured sheet (cuticles). Translucentand the marine fraction almost totally of dinoflagellate

phytoclasts, and especially leaf debris, are character-

cysts. The relative abundance of non-fluorescent
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AOM is generally low, whereas fluorescent AOM is
totally absent.

4.2. Parameters used in this work

In this study palynofacies variations have been
investigated using the following quantitative and
qualitative parameters: (1) the ratio of continental to
marine fraction (CONT/MAR ratio, see Fig. 6); (2)
the ratio of opaque tcs.l. translucent phytoclasts
(OP/TR ratio, see Fig. 6); (3) the fluorescence and
morphological preservation of palynomorphs (i.e.
phytoplankton and sporomorphs); and (4) the size
and shape of phytoclasts. Tld. translucent phyto-
clasts comprise semi-opaque phytoclasts.translu-

cent phytoclasts and fungal hyphae. The use of ratios

is a procedure recommended for routine investigation

of percentage data. In fact, ratios are unaffected by 4

data closure effects.

1. Theratio of continental to marine fractiois later-
ally and stratigraphically related to proximal-distal
trends (Tyson, 1993; Steffen and Gorin, 1993a;

Pittet and Gorin, 1997) and degradation, because

of the overall better preservation potential of the
continental fraction (Fig. 6). If the marine fraction

is not strongly affected by degradation, this para-
meter tends to decrease laterally in a distal direc-
tion, and stratigraphically in transgressive phases.
On the other hand, if strong degradation of marine

constituents occurred, these trends can be inverted
and palynofacies becomes dominated by opaque

phytoclasts (Bombardiere and Gorin, 1998).
Consequently, when degradation is quite intense,
the CONT/MAR ratio, which is normally a good

indicator of progradational—-retrogradational trends
of a shoreline, may become quite misleading. In
this study, AOM has not been taken into account

3.
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this process takes place in subaqueous environ-
ments (Tyson, 1995). Consequently, the increase
of the ratio of opaque to translucent phytoclasts
in a distal direction appears to be essentially related
to a preferential degradation of the translucent
phytoclasts in the water column during prolonged
transport and in the depositional environment.
Bothmorphological preservation and fluorescence
of palynomorphsre controlled by thermal matura-
tion (Robert, 1988) and degradation (Tribovillard
and Gorin, 1991; Tyson, 1995). If sediments are
immature or early mature, changes in these para-
meters can be directly related to the intensity of
degradation. More precisely, the fluorescence and
morphological preservation state of palynomorphs
display a negative correlation with the degradation
intensity.

As far assize and shape of phytoclastae
concerned, terrestrial organic matter can be consid-
ered as any other sedimentary grains (Huc, 1988).
Its distribution is affected by the energy of the
depositional environments. Most fine organic parti-
cles are hydrodynamically similar to clay and silt
(Tyson, 1987). Similarly to inorganic particles,
shape is an important factor influencing the relative
portability of the terrestrial organic particles: the
portability of lath-shaped debris is higher than that
of equidimensional debris of similar size. Never-
theless, caution should be applied when attempting
an estimation of the energy of depositional envir-
onments. Size, sorting and rounding (i.e some of
the main criteria used by “mineral” sedimentolo-
gists for assessing the energy conditions) are also
largely affected by degradation occurring in the
watermass and at the sediment—water interface.

for the calculation of the ratio of continental to 5 Results of palynofacies analysis

marine fraction. In most samples, the relative abun-

dance of this constituent is very low and does not 5.1. Variations at the scale of 3rd order cyclicity

significantly affect the ratio.

. Theratio of opaque to s.l. translucent phytoclasts 5.1.1. Description of vertical variations (Figs. 3 and
is also related to proximal—distal trends and tends 4)
to increase in a distal direction (Summerhayes, Inthe studied sections, the following vertical signa-
1981; Tyson, 1989, 1993, 1995; Pittet and Gorin, tures have been observed at the scale of 3rd order
1997). The opaque phytoclasts are mainly derived cyclicity. In some cases they reveal clearly recogniz-
from oxidation of higher plant debris in subaerial able variations related to the sequence stratigraphic
environments. In fact, there is little evidence that framework. The size of most opaque phytoclasts is
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between 35 and 6@m. Both size and shape of phyto- Gonyaulacysta jurassicés more abundant in TSTs
clasts do not display significant variations. The paly- and primary CS, whereaRhynchodiniopsis clado-
nomorph preservation state is moderate to high. phorais more abundant in LSTSs.

Ratio of continental to marine fractionThe
condensed sections about maximum flooding surfaces5.1.2. Description of lateral variations (Figs. 3, 4, 7—
are marked by low values of the CONT/MAR ratio. 9)
Moreover, in these intervals, the marine fraction is  As observed above, the vertical signature of the OP/
characterized by an increase in the specific diversity TR ratio reflects only partially 3rd order regressive—
of dinocysts. By contrast, the sequence boundaries transgressive trends, whereas the CONT/MAR ratio
usually are marked by an increasing proportion of appears to fit better with the sequence stratigraphic
terrestrial constituents. This signature has not been framework. The correlations described below have
observed in two cases: in the Louyre section, the been focused on these two parameters.
sequence boundaries Kirhand Kim3 do not display Size of phytoclasts and proportion of lath-shaped
any increase of the CONT/MAR ratio (Fig. 4). The opaque phytoclasts do not display lateral trends in the
sequence boundary Kirhis also marked by an abrupt  sections and interval studied here. Also the palyno-
increase in the sporomorph percentage. morph preservation state does not display any clear

Ratio of opaque to translucent phytocladtisually lateral trend. It has been analysed also with respect to
this ratio increases slightly in primary CS. This trend the thickness of systems tracts, but no lateral patterns
can be better seen in the average values displayed inhave been observed.
Figs. 7-9. In the maximum flooding surface of the  The correlations of the sections are displayed in
sequence Kim1l at Cheauneuf d'Oze, this signature Figs. 3, 4, 7-9. In the last three figures, the average
has not been observed. As far as sequence boundariesalues of both ratios have been used for the LSTs and
are concerned, they are not systematically marked by primary CS. They have permitted the verification of
a decrease of the OP/TR ratio. For instance, the both stratigraphical and lateral trends. In the sequence
sequence boundary Kimat Chideauneuf d’'Oze and  Ox8, whose LST has not been investigated, the
Gorges de I'Eygues is marked by an increase in the primary CS has been compared with the TST. In the
proportion of opaque phytoclasts (Fig. 4). sequence Kim3, whose maximum flooding interval

Quantitative palynologyin all the studied sections,  has not been investigated, the LST has been compared
a complementary analysis has been carried out on thewith part of the TST. The positions of the intervals
major dinocyst morphogroups (i.e. simple chorate interpreted as primary CS have been indicated in Figs.
cysts, complex chorate cysts, proximate cysts, cavate3 and 4.
cysts andGonyaulacysta&omplex). No clear correla- Ox8(Figs. 3 and 7): only the TST and the CS have
tions have been observed between the sequence stratibeen correlated. In the Louyre section, the CONT/
graphic trends and the vertical distribution of these MAR ratio is higher in both TST and primary CS. It
major dinocyst morphogroups. In particular, no rela- is considerably higher in the TST than in the CS,
tive increase in chorate dinocysts has been observed inwhereas, in the Clieauneuf d’Oze section, it does
the distal, condensed palynofacies, although they arenot vary significantly between the two intervals. The
considered as being indicative of more distal condi- OP/TR ratio is much higher in the Clemuneuf d’Oze
tions (e.g. Scull et al., 1966; Partington et al., 1993). section for both investigated intervals. In both
Nevertheless, when the dinocyst distribution is sections, the primary CS shows a slightly higher
studied in more detail (at least at the level of genera value than the TST.
and species), it displays interesting relationships with  Kim1(Figs. 3 and 7): in both sections, the sequence
the sequence stratigraphic framework (Jan diréhe boundary Kim1 is characterized by a major increase in
et al., in press). In the Cheauneuf d’'Oze section, the the CONT/MAR ratio and a decrease in the OP/TR
guantitative study of species and genera has allowedratio. In both sections, the CONT/MAR ratio displays
the identification of the assemblages preferentially higher values in the LST. In both investigated inter-
associated with lowstand or transgressive settings. vals, this parameter is higher in the Louyre section.
For instance, in the sequences Ox8 and Kiml, The OP/TR ratio of both investigated intervals is
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distances between the sections refer to the present-day position.

higher in the Chaeauneuf d'Oze section, thereby in the CHaeauneuf d'Oze it is slightly higher in the
indicating a higher proportion of translucent phyto- LST.

clasts in the Louyre section. In the latter section, Kim2 (Figs. 4 and 8): the sequence boundary
the OP/TR ratio is higher in the primary CS, whereas Kim2' does not display the same signature in the
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hyphae+ sporomorphs)/(marine phytoplanktenforaminiferal linings); s.OP/TR= semi-opaque phytoclasts/(translucent phytoclasts

fungal hyphae).
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three sections. It is always marked by an increase in observed in the two more distal sections, may be
the CONT/MAR ratio, but at Louyre the OP/TR ratio partially associated with the presence of slumps and,
decreases, whereas at Gorges de 'Eygues afit@ina  consequently, erosion. At Ctemuneuf d’Oze, only a

neuf d'Oze it increases. These different signatures, very thin part of the HST of the underlying sequence
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Kim1l is preserved and, at Gorges de I'Eygues, the
whole sequence Kim1l and most of the HST of the
sequence Ox8 have been eroded.

In Fig. 8a, the ratios in the LST of the Gorges de
'Eygues section display anomalously high values,
because palynofacies counts are partially biased by
an intense pyritization. Therefore, only the values
from Louyre and Cheauneuf d’Oze should be
compared in these two diagrams. In order to compare

L. Bombardiere, G.E. Gorin / Sedimentary Geology 132 (2000) 177-203

the OP/TR ratio. The CONT/MAR ratio is higher in
the LST than in the TST at Gorges de I'Eygues and
Chzeauneuf d'Oze. It decreases distally overall. The
OP/TR ratio is higher in the TST than in the LST at
Gorges de I'Eygues and Cieauneuf d’Oze. In the
LST, the highest ratio is at Gorges de I'Eygues, but,
in this case, the proportion of opaque phytoclasts does
not appear to be biased by pyritization.

the three sections, the ratios have been recalculateds5.1.3. Discussion

without taking into account the opaque phytoclasts

The palynomorph preservation state does not

and by using the semi-opaque instead of the opaquedisplay any clear lateral trend, even with respect to

phytoclasts in the OP/TR ratio (Fig. 8b). In the three
sections, the CONTMAR ratio (the ratio of conti-
nental to marine fraction without opaque phytoclasts)
in both intervals decreases from Louyre (more prox-
imal) to Chaeauneuf d’'Oze (more distal). This ratio is
higher in the LST than in the CS, the difference
between the two intervals decreasing from Louyre to
Chaeauneuf d'Oze. This confirms the trends in the
original ratios of Fig. 8a observed at Louyre and
Chaeauneuf d’Oze. In the three sections, the s.OP/
TR ratio (the ratio of semi-opaque to translucent
phytoclasts) increases from Louyre to @auneuf
d’'Oze (Fig. 8b). This ratio is lower in the LST than
in the CS, the difference between the two values
increasing from Louyre to Cheauneuf d'Oze. This
confirms the trends observed in the original ratios of
Fig. 8a at Louyre and Chaauneuf d'Oze.

Kim2" (Figs. 4 and 9). At Louyre, because of the
erosion associated with the slump at the base of the
sequence Kim3, only part of the LST is preserved in
the sequence Kinf2 The sequence boundary Kith2
is marked by an increase in the CONT/MAR ratio at
Chaeauneuf d'Oze and Gorges de I'Eygues. No parti-
cular change of this ratio has been observed at Louyre.
At Chaeauneuf d’'Oze and Gorges de I'Eygues, the
CONT/MAR ratio is generally higher in the LST than
in the CS. The OP/TR ratio increases distally overall,
but does not show any significant difference between
the LST and the primary CS of each individual
section.

Kim3 (Figs. 4 and 9): the sequence boundary Kim3
is not characterized by a homogeneous signature. At
Louyre, this discontinuity occurs between two LST

the thickness of systems tracts. This demonstrates that
different sedimentation rates (and, consequently,
differential burial rates) do not explain all the lateral
variations observed in the palynomorph preservation
state. Consequently, local palaeo-oxygenation, biotur-
bation and reworking are other important factors
controlling microbial degradation in the studied
sections.

Size of phytoclasts does not display lateral trends.
The studied sections may not record a distal decrease
because they are too close to each other or already too
distal to display any evidence of a hydrodynamic
influence.

As far as the CONT/MAR and OP/TR ratios are
concerned, their vertical and lateral trends at the
scale of 3rd order cyclicity are discussed below and
summarized in Figs. 11a and 12.

Ratio of continental to marine fractiorGenerally,
the relative proportion of the continental fraction
appears to reflect both regressive—transgressive trends
and the relative proximal—distal position of the
sections. The CONT/MAR ratio is lower in CS and
decreases distally. Fig. 11a displays three palynofa-
cies signatures related to three 3rd order depositional
sequences with primary CS showing increasing degra-
dation intensity. Usually, primary CS are character-
ized by a decrease in the CONT/MAR ratio as a result
of a decrease in the continental fraction input and an
increase in dinocyst accumulation (Fig. 12). When
degradation is very intense, this trend can be reversed
(Bombardiere and Gorin, 1998).

As far as sequence boundaries are concerned, they
are marked by an increase in the CONT/MAR ratio as

and no clear trends have been observed. At Gorgesa result of a renewal of the erosion related to the

de I'Eygues and Chaauneuf d’'Oze, it is marked by
an increase in the CONT/MAR ratio and a decrease in

relative sea level fall. In the Louyre section, the
sequence boundaries Kirhand Kim3 do not display
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a significant signature of the CONT/MAR ratio. Inthe supported by an increase in the palynomorph
case of the latter boundary, the absence of an increasepreservation.
in the continental fraction may be due to the fact that  As far as the lateral variations are concerned, this
the sequence boundary is located between two LST. parameter is clearly marked by an increase in a distal
The decrease in the CONT/MAR ratio in a distal direction. This lateral variation can be interpreted as
direction is controlled by the degradation of translu- the result of selective transportation or preferential
cent phytoclasts, hydrodynamics and dinocyst accu- degradation of translucent phytoclasts. The latter
mulation. As far as the latter is concerned, in the hypothesis is preferred on the basis of the following
modern sediments of the northeastern Pacific Ocean,observations, which do not point to hydrodynamic
the highest concentration of dinocysts has been selection of phytoclasts:
observed in shelf edge and slope deposits (Heusser
and Balsam, 1977). In the modern sediments of the
Namibian continental margin, the middle to outer
shelf deposits show the highest abundance of dino-
cysts (Davey and Rogers, 1975). These trends are |
essentially controlled by primary productivity, energy
and redeposition. In the studied area, because the rela-
tive proportion of the continental fraction decreases in
a distal direction, the dinocyst accumulation is
supposed to increase (or decrease more slowly than
the continental fraction). The LST of the sequence  Degradation of translucent phytoclasts occurs in the
Kim2" represents the only exception to the lateral water column and at the sediment—water interface.
trend of the CONT/MAR ratio. This may be related The long residence time in the degrading conditions
to a major dinocyst accumulation in a proximal atthe latter interface implies that most organic matter
setting. is destroyed at the bottom (Mer and Suess, 1979;
Ratio of opaque to translucent phytoclasihe Tyson, 1987). Nevertheless, our data suggest that the
vertical trend of the OP/TR ratio cannot be readily lateral variability in the OP/TR ratio is essentially
interpreted only in terms of sequence stratigraphy. related to pre-depositional degradation (i.e. that
According to the model of Steffen and Gorin for occurs during transport). In fact, if the lateral trend
deep-water Berriasian carbonates (1993a and 1993b,of this parameter were the result of a more intense
see also Gorin and Steffen, 1991; Steffen, 1993), post-depositional degradation in distal environments,
maximum flooding surfaces should be associated dinocyst degradation would increase distally. This is
with the highest values, whereas sequence boundariesot the case.
should be marked by decreasing values. The vertical and lateral trends of both ratios, at the
The latter signature has not been systematically scale of 3rd order cyclicity, have also been analysed
observed at sequence boundaries. In average, thewith respect to climate. An arid phase as well as a
OP/TR ratio is lower in the LST than in the primary relative sea level rise are expected to be associated
CS as a result of a decrease in supply of fresh macro- with a decrease in the continental fraction and an
phyte debris and an increase in degradation towardsincrease in the proportion of opaque phytoclasts
maximum flooding intervals (Fig. 12). The degrada- (Summerhayes, 1987; Caratini et al., 1983; Diester-
tion is controlled by a greater distance from the source Haas, 1983) (Fig. 11b). In the studied sections, this
of phytoclasts and a decrease in sedimentation rate. type of signature has been mostly observed about
At Ch#eauneuf d’Oze, the maximum flooding maximum flooding surfaces. It has not been possible
surface of the sequence Kiml has been associatedto directly separate and quantify the effects of climate
with a depositional environment more favourable to and relative sea level rise. According to Leinfelder
organic matter preservation than that of both under- (1993), sea level highstands should be characterized
lying and overlying sediments, hence a higher propor- in the Upper Jurassic by humid conditions. Conse-
tion of translucent phytoclasts. This interpretation is quently, a climatic influence about maximum flooding

o the proportion of lath-shaped opaque phytoclasts
does not increase in a distal direction;

o the size of phytoclasts does not display a clear

lateral variation; and

in the sequence Kim2the ratio of semi-opaque to

translucent phytoclasts increases considerably in a

distal direction (see Fig. 8b). Semi-opaque phyto-

clasts are thought to be less buoyant and more resis-

tant to degradation than translucent phytoclasts.
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surfaces does not seem to be expressed in the organi@nd translucent phytoclasts into the basin. From a
signature, which has been preferentially interpreted as general point of view, the major sources of phyto-
being related to relative sea level change rather than clasts are threefold (Di Giovanni et al., 1997):

climate. . .
e vegetation, which produces translucent phyto-

clasts;
¢ soils, which are characterized, in the upper layer,
by a large proportion of translucent phytoclasts
and, in the lower layer, by a large proportion of
opaque phytoclasts; and
previously deposited sediments, whose phytoclast
content is usually rich in the opaque fraction.

5.2. Variations at the scale of 2nd order cyclicity

5.2.1. Description (Fig. 10)

In the three sections, the time interval spanning the
top lowstand surface of the sequence Ox8 to the top
lowstand surface of the sequence Kim3 (from the
Planula to the Acanthicum ammonite zones), is
marked by a general increase in the CONT/MAR
and OP/TR ratios.

Although the last two sources of phytoclasts can be
considered as indirect (phytoclasts are directly
produced only by vegetation), they may be quantita-
5.2.2. Discussion tively very important, especially during a phase of

These palynofacies trends do not match with the relief rejuvenation. In Papua New Guinea, the
2nd order transgression expected for this time interval Lower Pliocene mudstones of the Orubadi Formation
in the cycle chart of Hardenbol et al. (1998). It is are characterized by a large amount of reworked paly-
important to highlight that this interval is lithologi- nomorphs, which has been related to tectonically
cally characterized by limestone—marl alternations induced changes in altitude and fluvial transportation
and slump deposits, whereas the underlying and over- affecting the hinterland (Waterhouse, 1998). In the
lying sediments are dominated by fine-grained lime- Lower Kimmeridgian, a regional uplift of the hinter-
stones. In the same time interval, Leinfelder (1993) land and/or a differential basin subsidence may have
has recognized an increase in siliciclastic input across increased the initial OP/TR ratio.
the northern Tethyan shelf of western Europe and, This hypothesis may also explain the 2nd order
partially, in boreal domains. This author has corre- trend of the manganese content observed in the
lated limestone and marlstone-dominated intervals Upper Oxfordian and Lower Kimmeridgian by de
in the Upper Jurassic of southern Germany, North Rafelis Saint-Sauveur (1996) and Emmanuel (perso-
Sea and southern England, Paris Basin, Vocontian nel communication) in the Cheauneuf d'Oze

Basin, southern Spain and the Lusitania Basin. His
correlation shows that, although the clay-rich sedi-
mentation is roughly correlatable, its exact timing is
clearly diachronous in the different locations. Accord-
ing to this author, the diachronous character of the
marlstone-dominated intervals indicates that their
distribution is largely controlled by tectonics. More

precisely, the Lower Kimmeridgian would reflect

episodes of regional uplift of the hinterland and/or
differential basin subsidence related to the intense rift-
ing activity in the Proto-Atlantic or to the westward

opening of the Tethys. The palynofacies signature at
the scale of 2nd order cyclicity appears to confirm this

section. Fig. 10 also shows the general trends of the
manganese content in the limestone beds of the
Chzeauneuf d’Oze section. The clay-rich interval is
clearly marked by an increase in the manganese
content. Basically, the sources of manganese in
basinal environments are linked to the hydrother-
mal activity of the oceanic ridge or the erosion of
emerged land (Emmanuel and Renard, 1993). There-
fore, in both cases, it confirms the hypothesis of a
tectonic phase associated with the opening of the
Proto-Atlantic or with the westward propagation of
the Tethys.

Consequently, in this time interval, relative sea

hypothesis. The increase in the terrestrial organic level changes probably had an important tectonic
matter supply matches with a rejuvenation of relief component and some sedimentary signatures in the
and an increase in the continental erosion. As far as sequence stratigraphic framework may have been
the OP/TR ratio is concerned, different geomorpholo- tectonically enhanced. In the southern part of the
gical settings may control the relative input of opaque Vocontian Basin, in the Alpes de Haute Provence
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@

3rd order relative sea-level signature

Weak degradation in the Moderate degradation in the Strong degradation in the
primary condensed section primary condensed section primary condensed section

range of range of range of
variation | variation | variation

CONT/MAR ratio OP/TR ratio CONT/MAR ratio  OP/TR ratio CONT/MAR ratio  OP/TR ratio
Climate signature Uplift or differential subsidence signature
00D
00

CONT/MAR ratio OP/TR ratio CONT/MAR ratio OP/TR ratio

Fig. 11. Summary of palynofacies signatures related to: (a) 3rd order relative sea level changes and degradation; (b) climate (based on
bibliographical data: Summerhayes, 1987; Caratini et al., 1981; Diester-Haas, 1983); and (c) uplift and/or differential subsidence. CONT/
MAR ratio = ratio of continental to marine fraction, OP/TR ratioratio of opaque to translucent phytoclasts, LSTowstand systems tract,
TST=transgressive systems tract, HSThighstand systems tract. See Fig. 2 for legend.

area, the Lower Kimmeridgian is largely represented ably associated with significant erosion of the geolo-
by hiatuses and gravity deposits (Pellaton and Ullrich, gical substratum.

1997). The sequence boundary KinRcharacterized

by slump deposition in the basin. In Normandy, Jan du

Chene et al. (1995) have recognized a type 1 sequence6. Conclusions

boundary at the base of Kim2All these observations

indicate that this discontinuity marks a major relative ~ This study of SOM focuses on the Kimmeridgian
sea level fall. The increase in opaque phytoclasts, deep-water carbonates of the Vocontian Basin. The
which characterizes this sequence boundary at latter are characterized by widespread oxic deposi-
Chaeauneuf d’Oze and Gorges de I'Eygue, is prob- tional environments, as confirmed by the very low
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FACTORS RESPONSIBLE FOR:

STRATIGRAPHIC VARIATIONS

1) degradation of translucent phytoclasts in
marine environment

2) translucent phytoclast supply

OP/TR ratio

LATERAL VARIATIONS
1) degradation of translucent phytoclasts in
marine environment

12 FACTORS RESPONSIBLE

LST !
10 FOR:

STRATIGRAPHIC VARIATIONS
~ 1) continental fraction input
~ 2) dinocyst accumulation

S~ o LATERAL VARIATIONS
\ 1) degradation
) 2) hydrodynamics

Cs 3) dinocyst accumulation

CONT/MAR ratio
(o)}
/

slope basin

Louyre
Gorges de 'Eygues  chateauneuf d'Oze

Fig. 12. Lateral and vertical variations of the ratios of opaque to translucent phytoclasts (OP/TR ratio) and continental to marine fraction
(CONT/MAR ratio). CS primary condensed section, LSTowstand systems tract.

total organic carbon content (less than 0.25 wt.%). e the interpretation of processes and factors control-
For such organic-poor deposits, palynofacies ling some of the delineated SOM trends.
analysis represents the best tool to investigate SOM.
This research has contributed the following new  Palynofacies signatures at the scale of 3rd order
results: cyclicity have been associated with relative sea level
changes and degradation. No stratigraphic signature
¢ the documentation of vertical and lateral trends of clearly related to climate has been observed in the
SOM composition and distribution; and studied sections at this scale. The vertical trends of
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organic constituents at the scale of 2nd order cyclicity = The latter method might allow the identification of
appear to depend on tectonics. two populations (contemporaneous and recycled)
Although most palynofacies signatures are well in both opaque and translucent phytoclasts.

documented, the restricted number of studied sections
suggests that caution should be applied when attempt-
ing to generalize the detected trends. Moreover, most
data have been collected in the Vocontian Basin and
none of the observed trends have been verified in

other settings. These signatures can be summarized This work was supported by the Swiss National
gs. 9 i Science Foundation (grants no. 20-43248.95 and 20-
as follows (Figs. 11 and 12):

53543.98). The authors express their sincere thanks to
F. van Buchem and A. Strasser for their thorough
reviews and constructive criticisms. They are
indebted to R. Tyson for stimulating discussions, to
F. Atrops and to R. Jan du Che for providing ammao-
nite and dinocyst biostratigraphic data, to M. de Rafe
lis Saint-Sauveur for providing the manganese curve
and to all members of the Upper Jurassic Working
Group in the Vocontian Basin (coordinator: R. Jan
du Chae) for their contributions in the sequence stra-
tigraphic interpretation. They are also grateful to M.
Floquet for preparing the palynofacies slides.
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