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Mid-ocean ridges

@ Divergent tectonic plate boundary
@ Create ocean crust by accretion

chematic cross section illustrating the main types of plate boundarie, USGS
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Bathymetric map of Atlantis Il Transform
in the Indian Ocean (Dick et al., 2017)
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Objectives

East-West cross-section of Atlantis Bank through Hole 735B based on the seafloor
geology and ODP and IODP drill cores (Dick et al., 2019)

Aims:
@ Analyse ductile deformation of gabbros
during accretion & exhumation
» Constrain the main deformation mechanisms

» ldentify the active slip systems in plagioclase at high
temperatures

Drilled cores
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Studied rocks: olivine gabbros

Olivine
(Mg,Fe), SiO,
(orthorhombic)
Oxides, Orthopyroxene...

Clinopyroxene
_ (25 %)
Plagioclase

(Na,Ca)Al,; 5 Sij; 305
(triclinic)
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Microstructural observations

Magmatic Protomylonitic Ultramylonitic
subophitic texture texture texture

Deformation intensity / Index of fabric




Microstructural observations

Depth (m)
i
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Plastic deformation
o n=145

@ ~800 m of gabbroic rocks

@ 115 samples analyzed at the EBSD

» Variably deformed textures

» Similar mineralogic assemblage

@ Focus on plagioclase (~60% of rock’s volume)

— Core sections
&  Samples

CPF index

Crystal-plastic fabric (CPF) intensity along the depth in Hole U1473A (Dick et al., 2017)
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EBSD - CPO
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@ CPO patternsin
deformed samples

[100](010) slip system

Maps of misorientation from grain average
orientation (mis2mean) and associated pole
figures (PF, one point per grain, lower
hemisphere, equal-area projection). Insets
presents subgrain boundaries in red. Pink
great circles in PF are plagioclase (010), nearly
parallel to the trace of the foliation (red
arrows around [100]pole figure). “n”, number
of grains; “J”, J index; “M”, M index; ”MD",
maximum density in the PF; “Pfl”, J index 11
calculated for single PF.



EBSD - CPO

Plagioclase
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. Maps of misorientation from grain average
Ultramylonitic gabbro - 58_5{ 79 orientation (mis2mean) and associated pole
figures (PF, one point per grain, lower

2 : (010 @y hemisphere, equal-area projection). Insets
b= a ! n=44400 | presents subgrain boundaries in red. Pink
E % % @ = f\A::] 6?86 great circles in PF are plagioclase (010), nearly
v 4 i d Mo=232 | parallel to the trace of the foliation (red
P=125  PO=1.16  Pf=1.03 arrows around [100]pole figure). “n”, number
of grains; “J”, J index; “M”, M index; ”MD",
maximum density in the PF; “Pfl”, J index 12

calculated for single PF.
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EBSD - Recrystallization

Automatic selection of grains

» Parameters used:
- Grain average KAM (< 0.6°)
- Boundary irregularity (convexity < 1.4)
- Equivalent diameter (< 700um)
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EBSD - Recrystallization
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EBSD - Recrystallization & Misorientations

Misorientation angles in plagioclase (no twins)
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(a) Misorientation angle (degrees)

Subgrain boundaries (2-10°)

Density

Representative misorientations characteristics in
plagioclase. (a) Misorientation angle distribution
histogram, all grains are considered. (b) inverse pole
Figures (IPF, antipodal, equal area projection) showing
the misorientation axes distributions at subgrain
boundaries.
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Misorientation rotation axis [100] at
plagioclase subgrain boundaries on top
of a mis2mean map.
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EBSD - Recrystallization & Misorientations
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EBSD - Misorientations & slip systems

@ Grain selection (2 groups):
(001) & (010) planes parallel to the analyzed plane.

@ Slip systems:
->in (001): [100](001); ¥:[110](001) ; ¥%[110](001)
->in (010): [100](010); [001](010)

Wulf net

964 grains 417 grains 3.5
(6.119 %) 3.5 (2.647 %)
MD: 3.537
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Conclusion

@ Identified slip systems:
» Dislocation creep active from ~900°C to 700-600°C

Slip systems  [100](010)  [001](010) [100](001) %[110](001) %[110](001)

T (°C) >900-~600 800-600 750 - ~ 600 700 - 650 700 - ~ 600
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Decreasing temperature

Oceanic Core Complex development

axis of the spreading ridge axis of the spreading ridge
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\ / Cartoons depicting the evolution of the

Plutonic stage : emplacement of gabbros within the  Tectonic stage : exhumation of the gabbros bodies | Tethyan oceanic basement using the
mantle rocks at depth and initiation of detachment and surrounding serpentinized mantle rocks. model of OCC development (Lagabrielle 18
fault Deposition of ophiolitic breccias in response to

sedimentary reworking of cataclastic products etal, 2015)




Thank you

Christmas balls ornaments in ilmenite pole figures
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J index

Average grain orientations

T T

® <1000 grains
© 1000 - 1500 grains
@ 1500 - 3000 grains |
@ > 3000 grains
—— Linear regression (all) 1
— Linear regression (> 3000)
°

y=23.1x+0.833
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