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THE LOWER CRETACEOUS DEPOSITS IN THE JURA
AND THE SUBALPINE CHAINS

A. PrROGRAM

First day : Friday, September 4 th.
T. ADATTE and G. RUMLEY
From Tiibingen (R.F.A.) to Annecy (France)

Theme : The Lower Cretaceous of the stratotypic area near
Neuchitel (Switzerland)
First stop and lunch : Marniére de Cressier (Lower Hauterivian)

near Neuchitel
Second stop : Juracime quarry (Valanginian), near Neuchétel
Transit to Annecy (France)

Second day : Saturday, September 5 th.
A. ARNAUD-VANNEAU, H. ARNAUD and T. BOISSEAU

From Annecy to Grenoble
Theme : The Berriasian-Valanginian carbonate platform of the
southern Jura and subalpine chains, the Pierre Jaune de Neuch&tel
and the Urgonian platform
First stop : La Chambotte section (Upper Berriasian-Barremian)
near Aix-les-Bains
Second stop : The Gorges du Guiers Mort section (Upper Berriasian-
Lower Valanginian) near St. Laurent-du-Pont (Chartreuse, subalpine
chains)
Transit to Grenoble (St. Pierre-de-Chartreuse, Col de Porte)

Third day : Sunday, September 6 yh.
A. ARNAUD-VANNEAU and H. ARNAUD
From Grenoble to Die
Theme : The Urgonian platform and the Aptian transgression in the
subalpine chains

First stop : The Gorges du Nant section (The Barremian-Lower
Aptian Urgonian platform) near Cognin (Vercors, subalpine chains)
Second stop : Les Rimets area and the Marnes supérieures a

Orbitolines (Lower Aptian) in the Rencurel syncline (Vercors)
Transit to Die (Vernaison valley, Col de Rousset)

Fourth day : Monday, September 7 th.
A. ARNAUD-VANNEAU, H. ARNAUD and J.-P. THIEULOY
The Die area
Theme : The Pelagic sedimentation of the Vocontian basin
First stop : The Marignhac-Serre de Jayon section (the Upper
Berriasian reworking sedimentation)
Second stop : The Col de Romeyer section (the Valanginian-Lower
Hauterivian pelagic sedimentation)
Third stop : The Chamaloc section (the Hauterivian-Lower
Barremian pelagic sedimentation)
Return to Die

Fifth day : Tuesday, September 8 th

Return from Die to Tiibingen.
(Die, Grenoble, Genéve, Lausanne, Berne, Tiibingen)
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section. It would also appear that these transgressions are not only due
to an eustatic cause, but also to hyperactivity all along the oceanic
dorsals.

In the Jura and the subalpine massifs, the beginning of the
jerky process of platform submersion always begins by a tectonic crisis:
the Berriasian crisis, responsible for a substantial paleogeographical
modification, for the Hauterivian transgression; the Upper Barremian
crisis, with acceleration of subsidence, preceding the Apto-Albian
transgression.

G. STRATIGRAPHY AND PALEOGEOGRAPHY

1. AMMONITES ZONES (H. ARNAUD)

All stages of the Early Cretaceous, from the Berriasian to
the Aptian inclusively, have been created in the South-East of France
and the Swiss Jura, that is to say in the same paleogeographical region.
However, the historical choice of stratotypes in regions characterized
either by basin facies (Berrias, Barréme, Apt) or by platform facies
(Valangin, Hauterive) has made it very difficult to establish continuous
zoning for the stages as a whole.

The zone definitions presently proposed (Fig. A 22) are of
differing value and do not all comply with the two fundamental
recommendations of the Copenhagen symposium (BIRKELUND et al, 1984):

1) The stratigraphic scale contiguity requirement can best be met by
defining only the lower boundary of each unit. The upper boundary is
then formed by the lower boundary of the next succeeding unit.

2) The base of the zone should preferably be defined according to the
first appearance of a new taxon.

The following unit boundaries may be adopted according to BIRKELUND et
al (1984).

The lower boundary of the Valanginian can be set at the base of the

otopeta 2zone. The final decision depends however on the outcome of

discussions over the Jurassic-Cretaceous boundary.

The lower boundary of the Hauterivian 1is defined on the
basis of the first appearance of the genus Acanthodiscus. This boundary
is well-set at La Charce (THIEULOY, 1977).

The lower boundary of the Barremian can be set 1) at the
base of the Pseudothurmannia beds or 2) at the +top of the
Pseudothurmannia beds (i.e. base of the Holcodiscus beds).

Two lower boundaries of the Barremian at Angles have been
successively proposed, the first by IMMEL (1978) at the base of the
Pseudothurmannia beds (bed 42), the second by BUSNARDO & VERMEULEN
(1986) at the top of the Pseudothurmannia beds (bed 65). This last
boundary is debatable for at least two reasons:

1) the angulicostata zone of the Upper Hauterivian is defined at the
base by the appearance of this taxon and at the top, by its
disappearance.

2) the hugii zone of the Lower Barremenian is defined at its base, not
by the appearance of the index species (which appears only 4 m. above
the lower boundary of the hugii zone sensu BUSNARDO), but rather by the
disappearance of P.angulicostata, the index species of the underlying
zone,

The lower boundary of the Aptian should continue to be set
according to the first appearance of Prodeshayesites.
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Fig. A 22 : Zonation and distribution of the ammonites (BUSNARDO, 1984)

Zone boundaries and zones themselves are not, on the whole, any better
known than stage boundaries.

For the Berriasian, the zoning used is that of LE HEGARAT
(1971) defined in several sections and notably in the Berrias
stratotype. Zones and sub-zones are defined by species associations;
their lower boundaries are not, however, based upon the appearance of
index taxons.

For the Valanginian, the 2zoning used is that of BUSNARDO,
THIEULOY & MOULLADE (1979), precisely defined in the Barret-le-Bas
section and the Angles hypostratotype. Each of these zones is defined at
its base by the appearance of the index species (zoning in accordance
with the recommendations of the Copenhagen symposium, 1984}.

For the Hauterivian and the Barremian, traditionally-used
biozones in the South-east of France have never been as clearly defined
as those of the Berriasian and the Valanginian. For the Hauterivian, the
first zoning proposed since the Colloque sur le Crétacé inférieur (1963)

- 39 -



STAGES
Sub-stages

UPPER JURASSIC

BERRIASIAN
Low| Mid. | Up

Low. | Up.

VALANGIN.

HAUTERIV.

Low | Up.

BARREMIAN

Lower| Upper

APT

Lower

IAN

Sequences

Discontinuities

DO Dit1 Di2

Al B]|] C D

Bi6|Bs
23

E H

Bs
Ai

Ait-2
J

Ai3

Feurtillia frequens
Trocholina molesta

Rectocyclammina arrabidensis ——
Melathrokerion cf valserinensis

Keramosphera allobrogensis

Trocholina delphinensis
Pseudotextulariella courtionensis
Conicospirillina basiliensis
Protopeneroplis trochangulata
Ammocycloloculina erratica
Danubiella gracillima
Trocholina campanella
Pseudocyclammina lituus
Trocholina alpina
Trocholina elongata
Decussoloculina granumlentis
Rumanoloculina cf robusta
Pfenderina neocomiensis
Haplophragmoides joukowskyi ————
Dobrogelina ovidi?
Cribellopsis n. sp. ————
Pseudotextulariella ? sp A Darsac—|
Choffatella pyrenaica —m8m ———
Eclusia moutyi
Pseudotextulariella salevensis
Valdanchella cf miliani
Trocholina cherchiae
Trocholina chouberti

Citaella ? favrei
Gaudryina tuchaensis
Earlandia ? brevis

Belorussiella textilarioides
Glomospira watersi
Arenaceous Trochamminoides sp.-——]
Verneuilina cf polonica ——mm ———]
Everticyclammina cf hedbergi —————
Nautiloculina cretacea ————u—-
Nautiloculina bronnimanni

Mayncina bulgarica ——M —— |
Charentia cuvillieri —4Mm8M —8M77 —
Charentia nana
Belorussiella cf taurica
Acruliammina neocomiana
Coscinophragma cribrosun
frenobulimina corniculum —— ]
farlandia conradi
Trocholina odukpaniensis
Valvulineria? n.sp. 1 Arn-Van
Bolivinopsis bernardi
Sabaudia minuta
Gaudryina cushmani
Neotrocholina infragranulata

—_—

—

o

P

- e
LXK} - ap
- a»
LN J
00 o0

ALGAE

Clypeina jurassica
Salpingoporella annulata
Macroporella embergeri
Salpingoporella steinhauseri
Pseudocymopolia pluricellata
Dissocladella hauteriviana
Pseudoactinoporella fragilis
Heteroporella ? paucicalcarea
Salpingoporella genevensis
Salpingoporella melitae
Salpingoporella muehlbergii
Angioporella fouriae

Fig. 4 23 :

- 40

Distribution of the major species of benthic foraminifera



STAGES |UPPER JURASSIC

BERRIASIAN

VALANGIN.

HAUTERIV.

BARREMIAN |APTIAN

Sub-stages Low)Mid. | Up. | Low. | Up [Low| Up. |Low. |Upper | Lower
Sequences Al B C D Bi6|Bs [Bs [Ail-2|Ai3
23 |Ai
Discontinuities DiO Di1 Di2 EHJ
Rumanoioculina robusta oowme —
Trocholina sagittaria oo e pr——— e —
Derventina filipescui ] RS NS A MU S S
Everticyclammina hedbergi ——— .. RS —————
Choffatella decipiens ——————f - —
Reophax? giganteus Y} !-
Ez?:g??gzcglg?g?a — :: ————_—
Nezzazatinella macovel —————— oo
Paleodictyoconus cuvillieri ————— -..0
Dobrogelina cf anastasiui -me e mn-
Bolivinopsis labeosa ee
Istriloculina elliptica .o——————
Moesiloculina danubiana ¢ jE———————
Paracoskinolina sunnilandensis ———
Urgonina alpillensis ——
Gaudryina ectypa - ==_
Pseu@olltugneﬂa gavonensis —————— P —— -
Moesiloculina scythica ———————— s m———
Valvulineria n. sp. 2 ——
Orbitolinopsis debelmasi ——————
Orbitolinopsis? flandrini —M—— - a»
Cribellopsis thieuloyi ———m—————
Paracoskinolina jourdanensis
Alpillina antiqua
Novalesia producta L 1} p—— pem———
Sabaudia briacensis —=——_
Andersenia rumana —7mMmM——————— S S ——
Moesiloculina histri
Arenobulimina meltae —— 0 — - =====
Novalesia distorta p———e—
Pseudocyclammina aliobrogica ————
Ecougella campiloides s p—————

Vercorsella arenata ————m——————
Choffatella cruciensis ———————————
Pfenderina aureliaeg ~————"—
Palorbitolina (Eopal.) charollaisi—
Orbitolinopsis? inflata ——————
Rectodictyoconus giganteus
Dobrogelina cartusiana

Textularia tetragonica

Neotrocholina aff aptiensis
Glomospira urgoniana ——————————

Arenobulimina cochleata ————————

Cuneolina hensoni
Melathrokerion valserinensis
Paracoskinolina maynci ~————
Paleodictyoconus actinostoma ———
Paracoskinolina reicheli
Palorbitolina (Palorb.) lenticularis-
Neotrocholina friburgensis

Valserina bronnimanni —mM8———
Dictyorbitolina cf ichnusae —]
Novalesia cornucopia
Cribellopsis neoelongata —— ————
Dictyoconus? vercorii ——m78 —————
Falsurgonina pileola —  ——————
Mesoendothyra? complanata
Praereticulinella cuvillieri

Sabaudia capitata

Trochamminoides obscurus —-————7

Debarina hahounerensis
Cribellopsis schroederi
Drevennia ecougensis

Orbitolinopsis buccifer
Lituola strogguloides

Orbitolinopsis kiliani ————————
Orbitolinopsis cuvillieri ———————
" Paracoskinolina arcuata ]
Orbitolinopsis pygmaea

Orbitolinopsis briacensis

Fig. A 24 : Distribution of the major specties of benthic foraminifera
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Légende des espéces. List of species.

1.Pseudotriloculina n. sp. 2 ARNAUD-VANNEAU ; 2. Pseudotriloculina n. sp. 1 ARNAUD-VANNEAU ; 3-4, Pseu-
doftriloculina n.sp. ARNAUD-VANNEAU ; § & 7, Pseudotriloculina sp. ; 8, 12, Glomospira glomerosa EICHER ; 9,
Glomospira urgoniang, ARNAUD-VANNEAU ; 10, 11, 13, Glomospira sp. ; 14, 19, Quinqueloculina aff. danubiana
NEAGU ; 15, Nummoloculina sp. ; 16, Quinqueloculina robusta NEAGU ; 17, 22 Triloculina sp. ; 18, 23, Sigmoilina
sp. ; 20, Nummoloculina 1 ; 21, Quinqueloculina sp. ; 24, Bolivinopsis rhopaloides ARNAUD-VANNEAU ; 15, Tex-
tularia tetragonica ARNAUD-VANNEAU ; 26, Textularia 7 sp.; 27, Textularia cf. tetragonica ARNAUD-
VANNEAU ; 28, 30, Gaudryina tuchaensis ANTONOVA ; 29, Dorothia cf. praeoxycona MOULLADE ; 31, Dorothia
cf. hauteriviana MOULLADE. »

Fig. A 25 : Distribution of Llarger benthic foraminifera in the main
btotopes of the Berriasian-Valanginian (light grey) anu
Barremian-Bedoulian (dark grey) shelves (ARNAUD-VANNEAU &
DARSAC (1984). List of facies : see p. 44,
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. Légende des espéces. List of species.

1,2, Trocholina sp. ; 3,4, Trocholina cf. alpina (LEUPOLD & BIGLER) ; S, Trocholina sp. A3 DARSAC ; 6, Trocholina elon-
gata (LEUPOLD & BIGLER) ; 7, Trocholina sp. 1 DARSAC ; 8, Palorbitolina Sp. ; 9, Paleodictyoconus cuvillieri (FOURY) ; 10,
Alpillina antiqua FOURY ; 11, Paracoskinolina sunnilandensis (MAYNC) ; 12, Paracoskinolina maynci (CHEVALIER) ; 13,
Paracoskinolina cf. hispanica (PEYBERNES) ; 14, Valdanchella cf. miliani (SCHROEDER) ; 15, Cribeliopsis sp. ; 16, Pfende-
rina globosa FOURY ; 17, Melathrokerion valserinensis BRONNIMANN & CONRAD ; 18, 23, Nautiloculina cretacea PEYBER-
NES ; 19, 24, Charentia cuvillieri NEUMANN ; 20-25, Charentia nana ARNAUD-VANNEAU ; 26-27, Arenobulimina cornicu-
lurm “RNAUD-VANNEAU ; 21, Pfenderina neocomiensis (PFENDER).

Fig. A 26 : Distribution of large benthic foraminifera in the main
biotopes of the Berriasian-Valanginian (light grey) and
Barremian-Bedoulian (dark grey) shelves (ARNAUD-VANNEAU &
DARSAC, 1984). List of facies : see p. 44.

- 43 -



Fig. A 25 et A 26 : list of facies. Basin : A, biomicrite with sponge
spicules. Outer shelf (slope and shelf edge) : B, biosparite
with small foraminifera ; C, oosparite ; D, Coral reefs ; E,
biosparite with large rounded debris. Imner shelf : F, muddy
facies ; G, biomicrite to biosparite with large foraminifera
and Rudists ; H, muddy facies ; I, biomicrite to biosparite
with small Rudists and oncolites. Marginolittoral domain :@ M,
micrite with Pseudotriloculina.

was published by MOULLADE & THIEULOY (1967): the stage was then
subdivided into 7 zones and 2 undifferentiated intervals. Two successive
modifications were made to this plan. The first (BUSNARDO & THIEULOY,
1976) consisted of the disappearance of the two undifferentiated
intervals and the distinction of a Cruasiceras cruasense horizon at the
top of the nodosoplicatum zone {upper part of the Lower Hauterivian).
The second set of modifications (BUSNARDO, 1984) was the most
substantial, although the reasons for these modifications are unknown
(Fig. A22): the disappearance of the jeannoti zone at the Lower
Hauterivian, the creation of the cruasense zone at the top of the Lower
Hauterivian, the replacement of the ligatus zone by a new balearis zone
at the Upper Hauterivian.

For the Barremian, a very incomplete initial zonation of the
Angles stratotype section was published by BUSNARDO (1965). It has just
been replaced recently (BUSNARDO, 1984) by a new zonation based on the
same section. It is just as imprecise as the previous one since the
exact distribution of Cephalopods is still unknown. Only the base of the
hugii 2zone, base of the Barremian stage, has been clearly defined
(BUSNARDO & VERMEULEN, 1986), even though it still presents a problem
since, as it was mentioned earlier, the index species only appears 4 m.
above the base of the zone.

To summarize, the distribution of ammonites 1in the
Berriasian-Valanginian is well-known in the South-east of France. On the
other hand, Ammonite distribution in a part of the Hauterivian and
especially in the Barremian has only been published in a very partial
manner. At the present state of knowledge, the proposed zonation cannot
be viewed as indisputable stratigraphic tools, but only as a framework
subject to fairly large modifications (Fig. A22).

2. FORAMINIFERA DISTRIBUTION (A. ARNAUD-VANNEAU)

Because of their abundance and the diversity of the facies
in which they are found, foraminifera are of particular interest not
only from a stratigraphic point of view, but also in terms of the
characterization of depositional environments.

The stratigraphic distribution of foraminifers is the result of complete
inventories of microfauna and their 1localization in relation to the
major discontinuity horizons dated by pelagic organisms (Calpionellids
for the Berriasian-Early-Valanginian, ammonites for all levels). For the
Berriasian-Hauterivian, scales have been established in the Jura and
completed in the Chartreuse subalpine massif. For the Barremian and the
Lower Aptian, they have been established in the Vercors where,
particularly in the South, several Cephalopod intercalations exist at
the Lower Barremian, the Upper Barremian (Matheronites limentinus level,
Colchidites level) and the Bedoulian (Couches inférieures a Orbitolines,
couche supérieure a Orbitolines). The distribution of the major species
of stratigraphic value is presented in Figures A23 and A24.
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FOURTH DAY : MONDAY. DEPTEMBER 7 TH
PELAGIC SEDIMENTATION OF THE VOCONTIAN BASIN

A. ARNAUD-VANNEAU, H. ARNAUD, J.-P. THIEULOY, M. ARGOT

with the collaboration of
H.J. OERTLI and J. REMANE for the determination of Ostracods and
Calpionellids
T. BAS and C. LEREUS for the field work.

THEME

This day is devoted to the examination of: 1) the pelagic
sedimentation of the Valanginian-Hauterivian series and the distribution
of ammonites which were numerous in this domain, 2) the reworked
sedimentation of the Late Berriasian (with inner platform bioclasts) and
of the Valanginian (with only outer shelf sediments or hemipelagic
bioclasts), 3) the marl-limestone alternations and cycles which were the
most conspicuous features of the Vocontian basin sedimentation.

FIRST STOP : THE REWORKED SEDIMENTATION OF THE LATE BERRIASIAN NEAR

MARIGNAC-EN-DIOIS (Fig. E1)

Location: Die 3-4 (1/25000)
This section 1is located along the road between Die and St.
Julien-en-Quint, on the southern side of the small Serre du Jayon hill.

1. DESCRIPTION

This section, described by ALLIOT, FLANDRIN and MOULLADE
(1964) and then by LE HEGARAT (1971), is made up of 6 superposed levels
among which only Levels 1 to 3 may be observed. It has not been the
subject of recent studies except for the microfauna which was reviewed
by A. ARNAUD-VANNEAU.

1.1. Level 1
The level 1 corresponds to a mud-flow, several meters thick,
made up of a mixture of a matrix of hemipelagic ooze with sponge

spicules and two different types of allochem : 1) coarse bioclasts
derived from the margin and inner domain of the Jurassian platform
(numerous foraminifera, bivalvia, bryozoans, gastropods,...), 2)

mud-pebbles ('"phacoids") composed of fine micrite with Calpionellids,
Radiolaria, Stomiosphera (facies FO). These mud-pebbles, centimeter- to
pluridecimeter-sized, are more or 1less well-shaped, conveying their
transport in a compacted state within the mud-flow.

Among the reworked bioclastic sand foraminifera, one finds
Trocholina alpina (Leupold), Trocholina delphinensis Arn-Van., Boisseau,
Darsac, Trocholina elongata (Leupold), Trocholina molesta Gorbatchik,
Pseudotextulariella courtoniensis Bronnimann, Nautiloculina bronnimanni

Arn.-Van. & Peybernes. There are also two Calpionellid associations, the
first in the phacoids : Tintinopsella carpathica (Murg. & Fil.) and
Calpionella alpina Lorenz of the C zone (Lower-Middle Berriasian), the
second in a massive bank : Calpionellopsis simplex (Col.), Tintinopsella

carpathica (Murg. & Fil.) and Calpionellopsis oblonga of the D1-D2 zone
(Upper Berriasian).
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Fig. E 1 : The Serre de Jayon sections (near Marignac—en-Diois). 1 to 6
level 1 to 6 according to LE HEGARAT, 1971).

At the botton of the Vocontian basin, this outcrop displays
the deposit of sediments which were subject to dual transport through
the force of gravity: 1) the transport of infralittoral bioclastic sands
from the inner domain of the Jurassian platform to the outer slope and
the mixing with hemipelagic ooze, 2) the transport '"en masse'" of the
previous mixture to which are added fragments of compacted ooze pulled
away from the pelagic domain during the passage of the mud flow.

This level cannot be dated because of the mannerin which it
was deposited. In LE HEGARAT's view (1971), it may be assigned to the
privasensis (?) sub-zone or to the dalmasi sub-zone (upper part of the
Middle Berriasian). The two Calpionellids associations may indicate that
all the sediments are reworked, without stratigraphical succession.
However, the Calpionellids and the benthic foraminifera indicate for the
younger deposits an early Upper Berriasian age, probably just below the
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Dil discontinuity.

1.2. Level 2 (variable thickness, 15 to 20 m.)

This level is made up of a pile of hemipelagic marly
limestone slumped beds with sponge spicules, Radiolaria, Globochaetae.
Many of the beds also contain a more or less large proportion of
bioclasts from the Jurassic platform. Several truncature surfaces
highlight the existence of a piling-up of slumped levels.

According to LE HEGARAT (1971), this level corresponds to
the lower part of the paramimounum sub-zone (lower part of the Upper
Berriasian).

1.3. Level 3 (locally about 9 m.)

This level is represented by a small cliff made of massive
bioclastic limestones which disappears towards the East. Here again, we
have a mud flow made up of a mixture of infralittoral bioclastic sands
originating from the inner domain of the Jura platform and hemipelagic
ooze with sponge spicules. This mixture is however heterogeneous and, on
the outcrop, all the intermediate facies from biosparites with large
bioclasts to micrites with sponge spicules may be observed. Contrary to
Level 1, there are however no pelagic ocoze mud pebbles.

Among the foraminifers, one notes: the same association as
that in the first level, but with Everticyclammina cf hedbergi (Maync),
Trocholina c¢f odukpaniensis Dessauvagie, Coscinophragma cribosum
(Reuss), Pseudocyclammina lituus (Yoko.), Charentia cuvillieri Neumann
and Clypeina jurassica Favre. We may note that ALLIOT et al (1964) had
identified Pfenderina globosa (Pfender). This reworking association,
especially the youngest forms, seems to indicate the neighbourhood of
the Dil discontinuity (Upper Berriasian, picteti sub-zone) or the levels
which are immediatly above.

1.4. Level 4 (about 25-30 m.)

This level begins by about 4 meters of marls over-topped by
grey, slumped argillaceous limestones similar to those of Level 2
(hemipelagic micrites with sponge spicules and quartz). A good? outcrop
is visible on the northeastern slope of the Serre de Jayon, along the
road to Marignac (Fig. El).

1.5. Level 5 (about 20 m.)

This 1level is represented by marl-limestone alternations
(fine micrites with Calpionellids and Radiolaria, facies FO) characte-
ristic of pelagic deposits. Synsedimentary reworking still exists in
this series (presence of slumped beds) but the sediments here are
autochtonous or only slightly displaced, to the contrary of what is
observed in the underlying levels. Berriasella (Picteticeras) picteti,
B(P)evoluta, Fauriella rarefurcata at the base, Calpionellopsis oblonga,
Berriasella calypso, Fauriella montelsi, F.boissieri have permitted the
datation of this level of the picteti and callisto sub-zones (LE
HEGARAT, 1971). At the top, we have found Thurmanniceras cf. thurmanni
of the Basal Valanginian.

1.6. Level 6

This 1level, very poorly outcropping to the North of the
Serre de Jayon crest, corresponds to yellowish argillaceous limestones
and thick, marly intercalations with pyritaceous ammonites. A transition
to Lower Valanginian marls (pertransiens zone) is observed to the North
of the Serre de Jayon. This level, mainly marly intercalations with
pyritaceous ammonites, corresponds precisely to the Chamaloc
fossiliferous level.
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Fig. E 2 : General view of the Col de Romeyer—-Serre des Blaches section

2. CONCLUSIONS

1) The Berriasian in the region visited between Marignac and Romeyer is
made up of - -~ superposed sedimentological entities : at the base,
deposits reworxed by the force of gravity, at the top, autochtonous or
slightly displaced sediments. The particularly distinct boundary between
the two is situated in the Picteti sub-zone, that is to say in the
neighborhood of the Dil discontinuity (probably above) of the Jura
platform.

2) The reworked sediments correspond to a variably-proportioned mixture
of elements of various origins : inner platform, outer platform,
hemipelagic basin, pelagic basin. They are deposited at the bottom of a
very large submarine canyon, several tens of kilometers 1long, which
already existed at the Tithonic, across the Vocontian basin to the
North-east of Sisteron, and was named "Canyon de Céiise" by BEAUDOIN.

3) Among the bioclasts found in the mud-flows, one finds numerous
large-sized foraminifera reworked from the F5 and F8 facies of the Jura
platform. Up until the beginning of the Upper Berriasian, the reworked
sediments of +the Vocontian basin therefore contained elements
originating from the inner domain and margin of the Jura platform.

4) The ages assigned to the different reworked levels are only of
comparative interest. It is not possible to know, in particular, whether
the filling up of the Célise canyon occurred throughout all the Middle
Berriasian or whether it was very rapid, in the picteti zone.

SECOND STOP : COL DE ROMEYER VALANGINIAN SECTION (Fig. E2 To E6)

Location: Mens 1-2 (1/25000).
This section is situated in the ravines of the eastern slope of the
ridge joining the Col de Romeyer (637 m) to the Serre de la Blache (953
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m). Only the lower part of the section will be observed up to the
Valanginian-Hauterivian boundary located at an altitude of about 800 m.

1. DESCRIPTION

This section, almost 500 m thick, is the most beautiful
Valanginian section of the Diois. It has been measured in detail for
this excursion, but all the results of analyses are not yet known.
Because of the length of the section, only certain particular points
will be described in detail.

1.1. Early Valanginian with pyritaceous ammonites (Bank 1 to 15)

Above the Upper Berriasian, which closely resembles that of
Marignac, the section begins by marl-limestone alternations which
correspond precisely to Level 6 of the Serre de Jayon. Pyritaceous
ammonites are found as of the base. They are very abundant in a 6 to 8
m. thick level which corresponds regionally to the Chamaloc level, of
which the type 1locality situated 1,5 km from the Col de Romeyer,
presently covered by vegetation, was discovered by Ch. LORY (1860) and
described by PAQUIER (1900).

At the Col de Romeyer, only some specimens have been
collected so as not to devastate the outcrop before the excursion. The
list of species collected, probably incomplete, is given in Figure E4.
This association is typical of the basal part of the Early Valanginian
pertransiens zone: Thurmanniceras pertransiens is, in fact, accompanied
by T.cf.thurmanni (Pict. & Camp.), by numerous Kilianella (Kilianella

roubaudiana d'Orb. especially frequent) and by Protancyloceras punicum

(Arn.-Saget).
The pelagic marly-limestones correspond to radiolaria,

Globochatae and Calpionellid biomicrite with a rich Calpionellid fauna.

J. REMANE has recognized two associations of the Early Valanginian

- The first , at the base (1-3, fig. E4), with Tintinopsella carpathica

Murg. & Fil. and T. longa (Col.), characteristic of Upper D3-E zones,

- the second, above (8-9, fig. E4) with the same and Remaniella
cadischiana (Col.), Calpionellites darderi (Col.) characteristic of the
E zone.

More generally speaking, two facts may be established:

1) The fauna is very unevenly distributed : certain beds contain very
few individuals or species (Phylloceratidae are dominant), whereas
others are very rich. This diversity does not appear to be due here to
varying fossilisation conditions but rather to variations in population
composition.

2) In the pyritaceous ammonite level, the number of individuals and
species progressively increases up to a maximum which appears to be
reached at bed 5 (Fig E4) and then progressively decreases. If one
assumes that a marl-limestone alternation represents sediment deposited
over a period of about 20000 years (§ F.2.2, p. 35), maximum ammonite
concentration corresponds to an interval of about 100000 years. These
particular intervals, regularly observed in the Vocontian basin series,
could correspond to biological crises during which fauna renewal took
place through the appearance and subsequent disappearance of species.

1.2. The Lower Valanginian (level 16 to 68 probably)

Above the marl-limestone alternations at the base of the
section, one observes marls over-topped by argillaceous limestones
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(about 355 m in all).

The marls (about 95 m) contain, at their base, a final pyritaceous
ammonite level which has given forth Sarasinella ? eucyrta (Sayn) and
several Kilianella lucensis (Sayn) characteristic of an already fairly
high part of the pertransiens zone. Above this basal 1level, the
ammonites disapear. The microfauna is poorly preserved, except for at
the base, the sample 30-31 which contains : Reophax stellatus Neagu,
Gaudryina praedividens Neagu, Gaudryina tuchaensis Antonova, Dorothia
kummi Zedler, Lenticulina muensteri (Roemer), Frondicularia Verneuilina
acutimarginata Neagu and Spirillina minima Schacko. In this level, the

Ostracods are frequent : Parexophthalmocythere berriasensis Donze,
Protocythere paquieri Donze and Protocythere entremontensis Donze. At
the top (sample 65.0) the microfauna is also abundant : Lenticulina

muensteri (Roemer), L. nodosa (Reuss), L. ouachensis multicella Bart.,
Bett. & Bolli, Gaudryina tuchaensis Antonova, Dorothia kummi Zedler and
D. praehauteriviana Dieni & Massari.

The Nannoconus are frequently abundant (24-25, 30-31):
Nannoconus cornuta, N. steinmanni, N. globulus, Conusphera mexicana,

Cruciellipsis cuvillieri, Calcicalatina oblongata, Parhabdolithus
embergeri, Micrantolithus holschulzii, M. obtusus, Braarudosphaera sp gr
africana,
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The marls display 3 features: 1) marl-limestone alternations
subsist in this very argillaceous environment (alternations of dark and
light marls are highly visible on the outcrop); 2) the existence of
slumped levels in the marls; 3) the appearance of very fine reddish
turbidites ("plaquettes rousses"), containing bioclasts from circa-
littoral outer platform environments (Pseudotextulariella salevensis
Char., Bron., & Zanin., Citaella ? favrei Char., Bron. & Zanin.).

The argillaceous limestones (about 260 m.) are represented by thin
limestone-marl alternations which may be grouped together in cycles
which are several meters to ten meters thick.

The reddish turbidites, centimeter- to decimeter-sized, are
fairly rare at the base but become so numerous at the top that they
sometimes make up small scarps which are apparent in the topography.
Some of them also contain foraminifera from circalittoral outer platform
environments but most of them are made up of sponge spicules. In most
cases, no graded bedding is visible, however, at times, in the thickest
turbidites, graded bedding is observed between the large spicules at the
base and the small spicules at the top.

Over the first 135 m, the argillaceous limestones and marls
are themselves reworked by gravity (arrangement in fine millimeter-sized
laminae). This is probably the reason for the fact that no
well-preserved ammonites have been encountered.

Over the top 120 m , the reworking of argillaceous limestones appears to
be less substantial. Ammonites are more frequent (Fig. E3) and the
series becomes more marly.

The Early Valanginian-Upper Valanginian boundary has not

been precisely determined. It has been located thanks to the appearance
of Neocomites (Eristavites) platycostatus (SAYN) but could be situated a
bit lower.
The relative abundance of ammonites, the decrease in reworkings and the
stratigraphic level allow correlation of the Jurassic platform Di3
discontinuity with the base of the more marly level (near the altitude
320 m, Fig. E3).

1.3. The Upper Valanginian (level 69 to few meters above 100.4)

It displays 4 main features.

a) Marly sedimentation is preponderant;

b) The facies progressively become more pelagic and synsedimentary
reworking on the slopes appears to progressively disappear.
Throughout this series, the autochtonous marl-limestone alternations
become very regular and typical of Vocontian basin pelagic facies.

c) Ammonites become very frequent at the top of the series where they
are represented by a rapid multiplication of Bochianites in almost
all of the beds and by the great abundance of Neocomitidae (notably
Teschenites) in certain beds.

d) Nannofauna are the same as in the Lower Valanginian, but we constate
the disappearance of Nannoconus cornuta.

d) Turbidites are very numerous and fairly thick (up to several
decimeters thick at the base of the Upper Valanginian). They make up
a scarp which is highly visible in the topography (Fig. E2). They
consist exclusively of sponge spicules reworked from hemipelagic
facies.

Above this level, the turbidites become very rare and then
disappear entirely 40 m below the Valanginian-Hauterivian boundary (they
are lacking in most of, if not all of the callidiscus zone).
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1.4. The Valanginian-Hauterivian boundary (Fig. E5)

It is found in a small marly flat located between two small
calcareous scarps highly visible in the topography (Fig. E2). Ammonites
are very numerous, especially in the two calcareous scarps.

-~ The callidiscus zone of the Upper Valanginian is characterized by an
association of which the most characteristic species are Eleniceras cf
tchechitevi Breskovski, Rodighieroites cf cardulus Company, R. cf
belimense Mandov, Karakaschiceras cf pronetocostatum (Felix), Neocomites

(Teschenites) cf callidiscus, N. (T.) c¢f pachydicranus Thieuloy,
Pseudoosterella gaudryi Nickles. The boreal migrant Dichotomites

bidichotomis (Kemper) has been found in this association.

— The radiatus zone of the Basal Hauterivian is characterized by the
disappearance of Valanginian species and by the appearance of numerous
new species including Spitidiscus lorioli (Kil.), S. sp gr incertus
(d'0rb.), Crioceratites nolani (Kil.), Breistrofferalla castellanensis
(d'Orb.).Spitidiscus and Crioceratites are found in abundance at the
base. Capeloites perelegans (Matheron), exceptionally rare in the
Vocontian basin, is represented here by a typical sample.

This first group of Basal Hauterivian calcareous beds is
over-topped by more marly levels covered by vegetation. These more marly
levels (cf. the section on the road from Col de Rousset to Chamaloc,
Fig. E7) represent the Vocontian domain lateral equivalent of the Marnes
Bleues d'Hauterive. It therefore clearly appears that the hardground
observed at the base of the latter in the Gorges du Nant region and in
Neuch&tel represent a sedimentary hiatus which corresponds to the
deposit of the first Hauterivian calcareous cycle of beds of the
Chamaloc-Col de Rousset section.

2. CONCLUSION

1) The Col de Romeyer Valanginian corresponds to an autochtonous or
slightly displaced marly or argillaceous carbonate sedimentation. The
reworking observed can be explained by a deposit on a slightly-inclined
slope.

2) Turbidites are present almost throughout the series except in the
callidiscus zone. They are especially abundant in the campylotoxus zone
and at the base of the Upper Valanginian.

At the base of the series, they contain circalittoral
foraminifera from the outer platform. At the top, only sponge spicules
are found. This variation in the composition of the constituent elements
of the turbidites illustrates the progressive submersion of contemporary
platforms and the retrograding of facies on their margins (a fact
already established in the Jurassic platform sections). There are never
any inner platform facies reworked in the Valanginian of the Vocontian
basin.

3) Considering the C sequence and its equivalent in the Col de Romeyer
series, turbidites are especially rare at the base and numerous at the
top. A correlation would therefore appear to exist between the maximum
progradation of platform facies and the turbidite maximum in the bassin.
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THIRD STOP : HAUTERIVIAN SECTION ON THE ROAD TO COL DE ROUSSET
(CHAMALOC) (Fig. E7 and E8)

Location: Die 3-4 (1/25000)

This section, situated along the road to Col de Rousset,
corresponds to the extension of the Col de Romeyer to the Serre des
Blaches section. The lower and upper parts of the section have been the
subject of detailed research in regards to fauna. The central part has
been the subject of only a fairly rapid exploration.

1. DESCRIPTION :

This section is about 300 m. thick. It begins in the Upper
Valanginian, below the last small scarp of the callidiscus zone, and
ends in the Early Barremian at the base of very thick hemipelagic
facies. It is represented by a succession of limestone-marl alternations
with pelagic facies. There is no transition between the pelagic
Hauterivian 1limestones (radiolaria limestones) and the reworked
hemipelagic Barremian limestones (fine-grained biosparite mixed with
biomicrite with Sponge spicules).

1.1. The Lower Hauterivian (level 140 to 227)

The Valanginian-Hauterivian boundary has not been precisely
set ; only the framework has been set thanks to bed-to-bed correlations
with the Col de Romeyer section.

Above the first group of Hauterivian calcareous beds, two
lithologic entities are observed:

- at the base, a marly entity which corresponds to a large part of the
loryi zone and probably to a part of the radiatus zone (by comparison
with Col de Romeyer). It is a lateral equivalent of the Marnes Bleues
d'Hauterive.

- at the top, a more calcareous entity which begins in the loryi =zone,
continues in the nodosroplicatum zone and ends at the top, which becomes
more marly again, in the cruasense zone. All of the index species i.e.
Crioceratites loryi (Sarkar), Lyticoceras gr nodosoplicatum (Kil. &
Reb.) and Cruasiceras cruasense (Torcapel), having been found in this
section. However, we note the enormous development of the loryi zone
compared to the nodosoplicatum and cruasense zones. Because of the
previously presented correlation between limestone-marl alternations and
astronomical 20000-year cycles, it would appear that we have here a
substantial disparity in the 1lifespan of each of these zones. The
Nannofauna is sometimes abundant : Nannoconus steinmanni, Conusphaera

mexicana, Cruciellipsis cuvillieri, Calcicalatina oblongata, Parhabdo-
lithus embergeri, Micrantolithus holschulzii, M. obtusus. Lithraphidites

bollii appears between the banks 230 and 330.
This calcareous entity corresponds to a lateral equivalent
of the "Pierre Jaune de Neuchétel'.

1.2. The Upper Hauterivian (Bank 227 to 332)
It is made up of three lithologic levels.
- At the base (sayni zone), an entity in which marly beds and limestone

beds are of about the same thickness. Grioceratites duvali (Lev.) and
Subsaynella sayni (Pag.) appears in this level.
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- In the middle (sayni zone), a thick marly level containing several
pyritaceous ammonite levels (S. sayni marls) with Crioceratites duvali
(Lev.), C. cf nolani (Kil.), Plesiospitidiscus cf ligatus (d4'Orb.),
Phyllopachyceras rouyi (d'Orb.), Holcophylloceras saizieui (Kil.),
Karsteniceras ? sp inc, and Psilotissotia masylaea (Coq.),an conspicuous
but extremely rare species.

Subsaynella sayni (Paq.) is abundant in the first meters of the marly
level but has not been encountered above.

- At the top, a calcareous entity in which only the angulicostata zone
has been recognized up to now. Pseudothurmannia are abundant here, but
the P.angulicostata species has only been found at the top, in
association with Raspailiceras and Emericiceras whose presence conveys
the proximity of the Barremian. Balearites balearis has only been found
in the lower part of the Pseudothurmannia level (Fig. E8).

The Nannofauna is the same as in the Lower Hauterivian with
the exception of disappearance of Lithraphidites bollii and appearance
of Nannoconus circularis, both in the bank 330 at the top of the
angulicostata zone.

As in the Early Hauterivian, there is a marked disproportion
between the relative thickness of the sayni zone and the terminal zones
of the Hauterivian (balearis and angulicostata zones).

The pelagic limestone and marls of the Hauterivian are
directly over-topped, without any transition, by hemipelagic argil-
laceous limestones (up to bank 333), undated at this point but which
contain, above Serre des Blaches (Romeyer), in the marls equivalent to
those of Level 346, Early Barremian fauna.

The Subsaynella sayni marls are the equivalent of the
argillaceous limestones and marls, rich in Toxaster, which are situated
above the Cruasiceras cruasense calcareous limestones in the Vercors and
in Chartreuse. They could also represent the lateral equivalent of the
marly levels which over-top the '"Pierre Jaune de Neuchdtel" in La
Chambotte section and in a large part of the Jura.

2. CONCLUSIONS

1) The cyclical nature of pelagic sedimentation in the Vocontian basin
is well-conveyed on all scales: 1lst order cycles of marl-limestone
alternations, 2nd order cycles on a scale of 4-5 alternations, 3rd order
cycles on a scale of twenty alternations, 4th order cycles on a
half-stage scale (cycle included between the marls of the base of the
Hauterivian and the S.sayni marls).

2) There is a clear relationship between the basin deposits and the
deposits on the Jurassic and subalpine platform. The marly levels
correspond to drowned platform periods (Chamaloc Early Hauterivian marls
and the Marnes Bleues d'Hauterive ; S.sayni marls and the marly levels
over-topping the '"Pierre Jaune de Neuchdtel" in the Jura). On the other
hand, the most calcareous levels in the basin correspond to the periods
of lowest sea level (Chamaloc nodosoplicatum and cruasense limestones
and '"Pierre Jaune de Neuchltel").

3) At the Hauterivian-Barremian boundary, the transition from pelagic to
hemipelagic facies is abrupt. This event is contemporaneous with a very
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substantial acceleration of the sedimentation rate: in the Die region
140 m thick for the Upper Hauterivian, 1000 to 2000 m for the Early
Barremian.

This event 1s undoubtedly 1linked to the major tectono-
sedimentary crisis in this region, manifestations of which are percep-
tible from the top of the Hauterivian to the beginning of the Upper
Barremian and notably marked by:

~ exceptionally high sedimentation rates and the birth of a

shoal in the Southeastern Vercors;

- the drastic decrease or total absence of the Early

Barremian and the Upper Hauterivian in the Jura and along
the Isére fault.
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