Genetic stratigraphic model : a conceptual framework for interpretation of sedimentary sequences

Remplissage de vallée (Chenaux en fresses)
Progradation littorale limitée -> Aggradation

_____

it — — oy — ——

Surface dinonda tioh maximale
TSN (arge (offshore)

T Montée fente 1 Avant céte {Shoreface) . L

' M Chenaux cotiers / estuariens / éolien (pfage)

Chenaux meéandnformes

Chenaux en fresses

Niveau marin relatif

Figure 3.32. Montée lente du niveau marin relatif (fin de la phase régressive).



Genetic stratigraphic model : a conceptual framework for interpretation of sedimentary sequences
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Figure 3.33. Montée rapide du niveau marin relatif (phase transgressive).



Genetic stratigraphic model : a conceptual framework for interpretation of sedimentary sequences
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Planche V. Modéle de séquence génétique (d’aprés Homewood et al., 1992 : Merzeraud, 1992).



SYNTHESIS — pros and cons, genetic stratigraphy
During transgression/sea level rise : river sedimentation/ lack of sediment in marine

environment

During regression/sea level fall : erosion at rivers/ high sedim rates in marine environment

* Seguence is bounded by two highstand discontinuities (hardgrounds)

* Only valuable for regional studies (sea level rise pattern is uneven at this time scale), but
cannot be extrapolated to global scale
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Tracking past sea level variations, at the geological time scale

MAIN QUESTIONS

»  How sea level variations are recorded in sediments?

#. > What is the time resolution of the record?

»  How do we reconstruct past sea level curves from the sedimentary
record?

»  What do we learn from the sedimentary record in terms of past sea

level variations?

Oblique stratifications + unconformity

Ypresian sandstones; Noirmoutiers, Vendée

OUTLINE

» The significance of the sedimentary record of sea level variations : an historical approach
> Tracking sea level variations at the 10*-10° yrs time scale (genetic stratigraphy)
> Tracking sea level variations at the 10° time scale (sequence stratigraphy)

» Which processes control sea level variations at the geological time scale? A synthesis




Vail ‘s model of sequence stratigraphy, based on seismic lines

Same principle : identification of facies, major discontinuities, geometry/architecture of sedimentary bodies...

But the spatial relationships are investigated at the scale of the basin ...and at the scale of the million year.

Allowed by the seismic profiles



Interpretation of seismic reflectors
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To characterize major discontinuities and geometries, we need to identify reflector terminations

TERMINATIONS ABOVE A SURFACE

Downlap

TERMINATIONS BELOW A SURFACE

Truncation

Toplap

Specific nomenclature for reflector terminations => description of the sedimentary bodies
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Description of the geometry of sedimentary bodies

als architecture _
accommodation stratigraphique représentation
sedimentation
als > 1
rétrogradation

Y
Y

Y

Prograding wedge, aggrading wedge, retrograding wedge...

REFLECTION CONFIGURATIONS

a) SIGMOIDAL d) COMPLEX SIGMOIDAL / OBLIQUE

&K

b) PARALLEL OBLIQUE

@) SHINGLED
\\m —_—

¢. PARALLEL

f) HUMMOCKY CLINOFORMS

¢) TANGENTIAL OBLIQUE




igni tinental margins
How to track past sea level on a seismic line? The significance of onlaps on con g
ow

Montée du niveau marin relatif
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Reconstruction of sea level curve :

tracking the aggradation of the coastline by picking successive onlaps
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Figure 2.13.

Méthode de construction de la courbe d’aggradation cétiére permettant de représenter les
variations du niveau marin relatif, d'apres I'étude des onlaps cétiers observés sur des séquences
de dépbts en sismique. Le schéma de gauche représente un dessin des réflecteurs sismiques

au niveau d’une succession incompléte de séquences de depdts. Le diagramme de droite est |a
courbe d'aggradation cétiére traduite en termes de variations du niveau marin relatif.



How to build a model of sedimentary
evolution of margins integrating sea level

variations?

Model input:
Regional geology

Eustatism, subsidence, sediment supply

Cyclicity of sea level variations

Homewood 1999

Eustasy

Subsidence

Sedimentation Relative sea level change Erosion

v
Decreasing depth _
Maximum depth mm:lﬂcl
= maximum flooding l /Emoulon -
Increasing depth \ R e

Flooding

MFS : Maximum Flooding Surface
SB : Sequence Boundary



VAIL’'S MODEL-SEQUENCE STRATIGRAPHY (detritic environments)

Condensed horizon Shelf margin wedge

Maximum
flooding
surface
Transgressive
"Sequence boundary" surface

Slope fan

Basin floor fan

SUBSIDENCE EUSTASY

The model is more a

HPW : Highstand Prograding Wedge
TST :Transgressive Systems Tract
LPW : Lowstand Prograding Wedge

guideline for interpretation

that something you can

observe in nature

Low High



How time is recorded in the model? "'Li":,m:"’
Back to Wheeler diagram...

/ Surface de
__ condensation

SUBSIDENCE EUSTATISME

3 PBN : Prisme de Bas Niveau

CT : Cortége Transgressif
PHN : Priema Ao Houit Niveaoi

v st

— ————— t

Dépdts de plaine cotiére ou alluviale Dépdts littoraux

Dépéts marins ouverts Dépéts turbiditiques

D'aprés Vade Mecum de Stratigraphie Séquentielle,
PROFIL CONTINENT / MER —> Elf Exploration, 1996




J CORTEGE DE BORDURE DE P FORME (SMST)™
mmm LIMITE DE SEQUENCE (SB. 2)

’ CORTEGE DE HAUT NIVEAU (HST)
RO~ Surface d’inondation maximale (mfs)

O CORTEGE TRANSGRESSIF (TST)
b Surface de transgression (t.s.)
" CORTEGE DE BAS NIVEAU (LST)
w==== LIMITE DE SEQUENCE (SB. 1)

| SEQUENCE |

Haut ===y Bas Discordance syrface concordante
EUSTATISME

The model has been challenged and improved since the

70’s... see Catuneanu et al 2009 and others...
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Tracking past sea level variations, at the geological time scale

MAIN QUESTIONS

»  How sea level variations are recorded in sediments?

#. > What is the time resolution of the record?

»  How do we reconstruct past sea level curves from the sedimentary
record?

»  What do we learn from the sedimentary record in terms of past sea

level variations?

Oblique stratifications + unconformity

Ypresian sandstones; Noirmoutiers, Vendée

OUTLINE

» The significance of the sedimentary record of sea level variations : an historical approach
> Tracking sea level variations at the 10*-10° yrs time scale (genetic stratigraphy)
> Tracking sea level variations at the 10° time scale (sequence stratigraphy)

» Which processes control sea level variations at the geological time scale? A synthesis




Parametres de Milarkovitch .

o e
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Figure 1.28. Les différents types de séquences emboitées
et leurs causes (d’apres Einsele et al. 1991, modifié).

La stratigraphie séquentielle va s’intéresser 4 ces séquences allocycliques que I’on retrouve
a ’échelle des bassins sédimentaires. Elles sont regroupées en deux familles suivant leur durée
et leur origine ; celles de plus courte durée (< 1 Ma) sont attribuées au glacio-eustatisme et
celles de plus longue durée (> 1 Ma} au tectono-eustatisme (figure 1.28).

Merzeraud, 2009
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Seules les séquences de 1°t 2°ordre ont valeur

10 years

chronostratigraphique globale. Séquence de 4, 5,
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localité

Not really captured at the time scale of the sequence stratigraphy...

(Guillocheau, 1995)



Sea level variations during the Quaternary

Role of ice sheets
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Variations according to the record and its location...but the general trend is well identified



Only a few Ice periods during Earth history...

TYPES DE CLIMATS GLOBAUX

EXTINCTIONS CAG j CSG

Q
1

| o] =

@)

i mh'hm‘lhﬂs o] ] o

.

Figure 6 : Variation du climat global au cours
du Phanérozoique et périodes d'extinction.
Les + : les 5 crises biologiques majeures.
CSG : climat global sans glaciation, CAG :
climat global avec glaciation. Plus la courbe
pointe vers la gauche plus les caloftes
glaciaires sont étendues et plus le gradient
thermique latitudinal est élevé. Plus une
extinction est sévére et plus le trait est long.
Ceux correspondant aux cing crises majeures
sont en gras (d’aprés Lethiers. 2004).

| O |
|




How to explain sea level rise during green house periods?

-

A7
Late Cretaceous 94 Mar

e t

Etretat cliff

Cenomanian sea level rise + ~200m



Origin of 1st and 2™ order sequence?

Modelisation of the volume of mid

oceanic ridges

| P~ o

dorsaie “lente” j vitesse d'expansion
TEMPS

] ] 3 4 r £ i 1 I
vitesse d'expansion
60 mm / an

- i ————— - e v — -

4000 2000 0 O 2000 ' 4000
largeur de fa dorsale {km.}
Figure 1.13. Modélisation de la variation
de volume d'une dorsaie océanique
(Pitman, 1978).
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Fig. 3. Reconstructed bathymetry through time by combining basement depths derived from paleo-age grids (Fig. 1 and fig. S1) and the GDH-1 age-
depth model (26) with estimates of sediment thickness through time (figs. S4 and S5) and inclusion of all major oceanic plateaus (table S1).
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ing long-term sea-level
change. The original 80
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lines. (B) Sea-level effect
+Thermic expansion of oceans... of large igneous prov- ]
inces (LIPs) (100 m cu-
mulatively). (C) Total 100
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time since 140 Ma with
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Miller et al. (2) sea-level
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70 Ma modeled tectonic 120
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raphy model (39) for the
pure backward advec-
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vection (m.b.a) (light
blue) compared with long-term sea-level variation from our computation of the volume of the ocean basins through time (red), as well as with the models
by Haq and co-workers (9, 43) and Watts and co-workers (11, 12).
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