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87Sr/86Sr ratios measured on all samples (Tubes T, Nodules N, sub-site A1 and sub-site R) were reported on the strontium isotopic curve (black curve of the figure) from McArthur et al. (2012) and the Middle-Upper Jurassic revised version of Wierzbowski et al. (2017). At the bottom the abbreviated geological periods are indicated from the Rhetian (R on the right) to the Danian (D on the left).
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(a) Photograph to the west of the sub-site R located in the Bifurcatis zone (Late Oxfordian) and its interpreted drawing (see Fig. 2 for location). (b) Stratigraphic log showing sub-vertically stacked carbonate lenses interbedded with nodules-rich marls. The basal carbonate lens displays a brecciated facies dominated by veins yielding mineralizations and displaying a jigsaw-like structure. (c) Detailed photograph to the north showing the left view of the sub-site R. The carbonate lenses are laterally passing to micritic beds of carbonates. The top of the edifice is characterized by a dm-thich oxidized crust (see Fig. 6)
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(a) Detailed photograph of a carbonate lens in the sub-site R (see Fig. 5 for location) displaying densely packed 5 to 8 cm wide lucinid specimens encased in a nodules-rich micritic matrix. (b) Detailed photograph and its related thin-section in natural light showing unbroken shells, shell fragments, clasts and nodules in a micritic matrix. (c) Detailed photograph and its related thin-section in natural light showing conduits and veins that developed through the carbonate lens.
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(a) Detailed photograph of sample A1 and its related thin-section in natural light. The sample A1 is dominated by breccia and mineralized veins in a micritic to microsparitic matrix rich in shell fragments. (b) The thin-section natural light and polarized illuminations coupled to Raman analyzes display five different calcites: C1, in red, is a micro-sparitic calcite replacing shell fragments; C2, in blue, is a light-brown drusy calcite which is microsparitic when in contact with the micritic matrix and becomes more drusy towards the centre of the vein; C3, in green, is an equant calcite, always in contact with the calcite C2 but never in contact with the micritic matrix; C4, in purple, is a white equant or blocky calcite filling all remaining space in the veins; C5, in black, is a white microsparitic calcite present in veins crosscutting all previous generations. They were isotopically analyzed for C, O and Sr on 12 samples (see text for details and Tab. 1 for values).
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(a) Detailed photograph of sample N showing well-preserved lucinid shells and pluri-mm nodules dispersed in an homogeneous micritic matrix. (b) and (c) Thin-section natural and polarized light illuminations showing clasts incorporated in a large mineralized vein. Five calcites C1 to C5 are very similar to the calcites identified in sample A1. Isotopic analyzes (C, O and Sr) were conducted on five samples (see text for details and Tab. 1 for values).
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(a) Detailed photograph of sample T displaying numerous clasts and a large void, about 1 by 2 cm, in the centre of the tube. (b) and (c) Thin-section natural and polarized light illuminations showing the five previously identified calcites C1 to C5. The calcite C1 is replacing shell fragments whereas the calcites C2 to C5 are concentrically arranged from the periphery to the centre of the void. The white equant calcite C5 locally contains traces of hydrocarbons or bitumen in veins as previously shown by Peckmann et al. (1999) in the area. Isotopic analyzes (C, O and Sr) were conducted on four samples (see text for details and Tab. 1 for values).
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Diagram of paragenesis in the three studied sub-sites A1 (including the tube T, the nodule N and the basal carbonate lens A1), E1 and R. It shows very similar paragenis characterized by a dark-brown micritic matrix with well-preserved shells or shell fragments replaced by calcite C1 (or aragonite) and disseminated pyrite (or marcasite). The light-brown drusy calcite C2 developed in contact with the micritic matrix. The equant calcite C3 and the microsparitic to equant calcite C4 (locally dolomite or aragonite) are in contact with the calcite C2 and appear cleaner, suggesting that this is the same continuous process of mineralization. The white microsparitic to blocky calcite C5 was identified in all sampling sites except R. Hydrocarbons or bitumen were evidenced in veins between C5 crystals only and as inclusions within the crystals or in quartz present in nodules. They were not evidenced above sub-site E1.
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(a) Diagram of δ13C versus δ18O including analyzes conducted in previous studies (Peckmann et al., 1999; Louis-Schmid et al., 2007; Tribovillard et al., 2013). The yellowish calcite C1 and botryoidal aragonite can be interpreted as bacterial in origin and negative isotopic values are a marker of the microbial mediation in the building of carbonate lenses. The isotopic values for C2, C3 and C4 are more dispersed with positive δ13C and δ18O values except for two samples that are closer to the C1 signature. The very negative δ13C isotopic values for C5 suggest that the same hydrocarbon-bearing fluid migrated through the tube and nodule and probably through the basal lens of sub-site A1 and all other sub-sites up to sub-site E1, but not higher as no hydrocarbons were identified above (including the sub-site R). (b) and (c) Diagrams of 87Sr/86Sr versus δ18O and δ13C versus 87Sr/86Sr showing three main groups. The group C1 in which the age of formation corresponds to the biostratigraphic age of the host formation (Early Oxfordian for tube T, nodule N and carbonate lenses in the sub-site A1 and Late Oxfordian for the sub-site R). The groups C2 and C3–C4 have very close Sr isotopic signatures. They formed shortly after the brecciation at a relatively shallow burial (<1000 m) with fluids coming from underlying Pliensbachian, Late Toarcian or Bajocian levels in a single migration event possibly dated of Cretaceous. The group C5 has a signature of fluids from Trias, but the migration probably occurred during the main salt diapir rising dated of the Mio-Pliocene.
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Model of formation of a pockmark integrating three main phases of fluid migration. The first phase started on Early Oxfordian, remobilizing biogenic fluids from the local host formations, and ended on Late Oxfordian with sub-site R. The second phase corresponds to a fluid migration coming from Pliensbachian, Late Toarcian and Bajocian levels that occurred during Cretaceous (probably Early Cretaceous). The last phase is related to bitumen-bearing fluids that were expelled along faults during the regional salt diapir rising dated of Mio-Pliocene in the SE basin of France.


    

  
OEBPS/bsgf200003-fig8_small.jpg





OEBPS/bsgf200003-fig1.jpg
n2 Valanginian

Jn1 Berriasian

J8-9 - Upper Kimmeridgian
&Tithonian

J6-7 - Upper Oxfordian &
Lower Kimmeridgian

J5 - Middle Oxfordian

& Argovian sequence
J3c-4 - Upper Callovian

& Lower Oxfordian

J3a-b - Lower & Middle
Callovian

J2 - Bathonian

Faults
&Veins

DOOEROORE

" |Buis les Baronnies

N Rl

t-Trias





OEBPS/bsgf200003-fig3.jpg
87sr / 86sr

0.7077

0.7075

0.7073

Sub-site R

0.7071

Sub-site A1

0.7069 -

=)
=)
¥ Nodules
)

Apt Bar H V. Be Ti KOx C B Baj AToar P Si HR

0.7067 1P_Ma Camp SC Tu Ce Alb
60 70 80 90 100 110

120 130
Age (Ma)

140

150

160

170

180

190 200





OEBPS/bsgf200003-fig8.jpg
SampleR






OEBPS/bsgf200003-fig10_small.jpg





OEBPS/bsgf200003-fig1_small.jpg





OEBPS/bsgf200003-fig12_small.jpg





OEBPS/bsgf200003-fig4_small.jpg





OEBPS/bsgf200003-fig10.jpg
nodules

Shell
fragments

Vein

Sample A1






OEBPS/bsgf200003-fig12.jpg
\[eTe[V] (<}

1cm

Matrix






OEBPS/bsgf200003-fig14.jpg
+20- §13C
Al-cgic2)
g o

+15+
T-cc3-4)
o

o Al-hics)

8 Tbe
[ ]

A R-c(C2)
8180

‘ Al-jlca
R-dicz4

=]
= 5™ R-bica

-10 -5 n
N-bc2
@ |

N-cc3) W
*

T-acn
4 N-acn
B At-abiey

[ ] -10-

3

15

. R-ac
@ Sub-site R Upper Oxfordian

@ Sub-site A1 Lower Oxfordian
¢ Nodules N (below sub-site A1)
@ TubeT (below sub-site A1) *
& Sub-site B Middle Oxfordian 25+
= Sub-site F Middle Oxfordian

4 Marlstone Middle Oxfordian

® Botryoidal Aragonite

% Nodule micrite Lower Oxfordian

This study

L]
204Q T-dics)
N-e(cs)

30

4 Marlstone Lower Oxfordian

Previous studies

87sr/86sr
0,7076
Group C5
Group C3-C4
Group C2
- 0,7068
Group C1 813c
30 20 -10 0 10 20
318180
Group C3-C4
2
14 Group C2 Group C5
8751/865¢

,7074 0,707 0,7078

s 4

6 “Group C1






OEBPS/bsgf200003-fig15.jpg
Start of PHASE 1
Early Oxfordian
Hemipelagic sedimentation

Nets i
LA Reduced zone Bacterial mat s 3 Hodules

i Framboidal
deposition = oty pyrite

st\ 7.

Micro
-sparitic C1

Oxic zone.
Reduced zone

Micro
Tube “~ _ _ -sparitic C1

SMTZ = = = ~ ~10m below “&Condult

@ t 1 t seafloor @ 1

Normal biogenic CHgq Focused
CHg-rich fluid flow

No SEEP Early Bathonian
to Early Oxfordian fluids

Increased flux

~120m
depression

3 Migo Micro

W ~sparitic W'Spﬂrm( 1 =

8! EYRY ! 7

i ’ \ . g \
! Latéral /

S D shift

Strontianite

Micro /' Latéral ) Micro N
i n ’ N . Strontianite

_sparitic C1 . shi sparitic C1 P

PHASE 2
Cretaceous
Seafloor seep ?
End of PHASE 1 -
Late Oxfordian €
Repeated cycles from 1 to t7 8
y = Drusy C2
gl den -y = Equant C3-C4
S| stacked sub-sites 3
3 H
Dying/dead site = iz 3
Oxydation Vredn o Sub-site AT “ Drusy C2
" e Equant C3-C4
_1°N.
- D B ﬂ D DrusyC2
t Equant C3-C4
PHASE 3 Pliensbachian,
Mio-Pliocene Late Toarcian, Bajocian fluids

% No migration

Deep burial >2000 m)

Mid Oxf. = Limit HC

Blocky C5
Hydrocarbons

Blocky C5
D Hydrocarbons

Triassic fluids





OEBPS/bsgf200003-fig15_small.jpg





OEBPS/bsgf200003-fig6_small.jpg





