Paleomagnetic studies of rotational
deformations in western Greece at large
and small geographic scale.
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Alpine chain around the Mediterranean
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How and when were these orogens formed?



Very recent and very active tectonic

Low hazard Medium High
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What is the role of rotations around

vertical axis in the construction of
orogens?

Unique tool = Paleomagnetism

WHY?



Paleomagnetism — origin of the Earth magnetic field

Generated in the center
of the earth

Very simplified
expression at the
surface .......



Earth magnetic field: present dipole

+ non dipolar components

Geomagnetic Axis:
| = +£90° ,

Axis of rotation

/




Paleomagnetism:
Decomposition of the vector

Declination: angle between the
magnetic vector and the
North  geomagnetic north

Inclination: angle between the
Down el magnetic vector and the
horizontal plane (>0 downward;
<0 upward)



Paleomagnetism:

On the long term: geomagnetic axis = rotation axis




Earth magnetic field: Centered axial dipolar magnetic field

Period: Normal polarity Reverse polarity




The Earth magnetic field is fixed in the rock during emplacement (cooling or deposition)
N

How to be sure that the measured magnetization is that acquired during deposition or cooling?

How to assign an age to the rotation?

=> Several « field tests »....



The Earth magnetic field is fixed in the rock during emplacement (cooling or deposition)

How to be sure that the measured magnetization is that acquired during deposition or cooling?

1) Reversal test

Rotation (45° clockwise)

————————————————————————————————————————————————————

Normal and reverse directions well opposed
= positive reversal test



The Earth magnetic field is fixed in the rock during emplacement (cooling or deposition)

How to be sure that the measured magnetization is that acquired during deposition or cooling?

1) Reversal test

Rotation (45° clockwise) + viscous remag. N

Normal and reverse directions well opposed
= positive reversal test
Normal and reverse directions non opposed
= remagnetization



The Earth magnetic field is fixed in the rock during emplacement (cooling or deposition)

How to assign an age to the rotation?

1) Fold test

Folding Unfolding
s
- 2 W 7 7
A e 7

, P P

=> Better groupment after unfolding => magnetization pre-dates the folding



Requisite in the field = statistical aspect
1) Outcrops with regional trend

2) Large distribution of cores in the site/outcrop (average short time constant of the
earth magnetic field)

3) Large number of sites of the same age in the same structure

Requisites in the laboratory

- Stable magnetization during the treatment (by appying external fields or by heating)
=> direction well defined at the sample/core scale

- Magnetization established as primary one (field and reversal test)
Fold test: valid if folding soon after deposition
Reversal test

- Statistical direction well defined at the scale of the structure/region
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Role of rotations in the acquisition of the curvatures?
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Role of rotations in the acquisition of the curvatures?
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738 sites (10240 cores) from Pliocene to Maestrichtian




Role of rotations in the acquisition of the curvatures?
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Period Plio-quaternary to Eocene in the external zones of the orogens
15 years long project!




From Schmid et al., ETH
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Requisite in the field = statistical aspect
1) Outcrops with regional trend

2) Large distribution of cores in the site/outcrop (average short time constant of the
earth magnetic field)

3) Large number of sites of the same age in the same structure



Pioneer study: starting from the most recent
formations, not always easy to perform
















Requisite in the field = statistical aspect
1) Outcrops with regional trend

2) Large distribution of cores in the site/outcrop (average short time constant of the
earth magnetic field)

3) Large number of sites of the same age in the same structure

Requisites in the laboratory

- Stable magnetization during the treatment (by appying external fields or by heating)
=> direction well defined at the sample/core scale

- Magnetization established as primary one (field and reversal test)
Fold test: valid if folding soon after deposition
Reversal test

- Statistical direction well defined at the scale of the structure/region



Requisite in the field = statistical aspect
1) Outcrops with regional trend

2) Large distribution of cores in the site/outcrop (average short time constant of the
earth magnetic field)

3) Large number of sites of the same age in the same structure

Requisites in the laboratory

- Stable magnetization during the treatment (by appying external fields or by heating)
=> direction well defined at the sample/core scale

- Magnetization established as primary one (field and reversal test)
Fold test: valid if folding soon after deposition
Reversal test

- Statistical direction well defined at the scale of the structure/region
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Site scale regional scale
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Period Plio-quaternary to Eocene in the external zones of the orogens
15 years long project!
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Rotation with respect to Africa
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Rotation with respect to Africa
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Upper Miocene
(12 to 5 Ma)
Present

Kissel and Laj, 1988
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