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Georg
Notiz
Hi, I'm Georg - welcome to my presentation!

Let's jump right in...
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Where are the Internal Dinarides?
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Georg
Hervorheben
The Internal Dinarides are ophiolite-bearing thrust sheets of the Adriatic passive Margin. Everything that is turquoise are West-Vardar Ophiolites that were obducted during Jurassic times.

Georg
Notiz
The Pannonian Basin opened in Oligo-Miocene times due to slap retreat underneath the Carpathian arc. This had also a far-field effect on the internal dinarides, as you will see!
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Oligo-Miocene Extension

Exhumation of several metamorphic core complexes from within the Sava Zone and most internal Adria-derived thrust sheets

Motajica MCC

exhumed from within the Sava Zone

Cer MCC

Part of the Jadar-Kopaonik thrust 

sheet

How can two core complexes help to constrain extension?
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Georg
Notiz
This is a detailed view of the famous tectonic map of the Alps, Dinarides/Hellenides and Carpathians by Schmid et al. (2008). The Labels correspond to metamorphic core complexes that were exhumed during Oligo-Miocene extension. 

Georg
Notiz
we looked at samples of two of these core complexes and dated deformation using Ar-Ar in-situ NGMS.

Georg
Notiz
This green ribbon is the Sava Suture Zone which separates the Adriatic thrust sheets (in brownish colors) from Europe (in reddish and blue).
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Motajica MCC - exhumed from within the Sava Zone Cer MCC - Part of the Jadar-Kopaonik thrust sheet
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Georg
Notiz
this low-angle extensional detachment is a mylonitic shear zone comprising mainly amphibolite-grade metapellites (gneisses and mica schists).

Georg
Notiz
D1 - first deformation during subduction and subsequent collision in Upper Cretaceous times.

D2 - second deformation during extension/exhumation of the MCC

Georg
Notiz
This detachment separates unmetamorphosed Paleozoic rocks of the hanging wall from paleozoic rocks metamorphosed under amphibolite grade conditions. 
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Synkinematic:

Fine-grained aggregates, usually
grown in strain shadows

Postmagmatic:

Growth trigered by intrusion, grains
overgrow a pre-existing foliation

Prekinematic:

Large, deformed grains

Types of white mica used for Ar-Ar in-situ geochronology:
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Georg
Notiz
These are now examples of white mica from the Motajica detachment. 
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Postmagmatic grains:

Static crystallization due to contact 
metamorphism, i.e. intrusion of the 
Motajica pluton at ≈ 27 Ma (U/Pb-Zr)

Prekinematic grains:

Large scatter due to diffusion/partial 
resetting since ≈ 75 Ma

Synkinematic grains:

(re-) crystallization ages between 20-
25 Ma - Activity of extension

Results from Motajica MCC:
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Georg
Notiz
As you can see, synkinematic WM is significantly younger than most of the prekinematic grains - as to be expected. 
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Prekinematic white mica:
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Georg
Notiz
This age profile across a large prekinematic white mica grain shows that volume diffusion plays a major role and explains the large spread in ages in the previous slide.

Georg
Notiz
The ages in the center of the grain correspond nicely with the time of collision in the Maastrichtian at ~65 Ma (cooling age of the protolith).  

Georg
Notiz
The young ages at the rim represent spots that have suffered diffusive loss of Ar due to a second metamorphic overprint (around 20 Ma - exhumation).



Georg Löwe, Susanne Schneider, Jörg A. Pfänder, Kamil Ustaszewski

Synkinematic white mica:
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Georg
Notiz
These are examples of synkinematic white mica which show significantly younger ages. 
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Multiphase pluton:

- S-type granite intrudes I-type granodiorite

Paleozoic metasediments: 

- show contact metamorphic overprint of varying degree

- Pressure-dominated: Grt-St-Mica schists

- Temperature-dominated: And-schist, Hornfels

I-Type granitoid age:
- U/Pb (Zr) ≈ 32 Ma (Matenco, 2014)

- K/Ar (Bt, Fsp, Hbl) ≈ 17-21 Ma (Koroneos, 2010)

S-Type granitoid age: (Koroneos, 2010)

- K/Ar (Bt, WM, Fsp) ≈ 15-16.5 Ma

- Cooling of the main magmatic body

What‘s going on at Cer MCC?
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Georg
Notiz
The mylonitic detachment (top-N) affects part of the paleozoic basement and also the I-type granodiorite (dark red - 32 Ma U/Pb-Zr) as well as the s-type granitoid (Ar-Ar ~17 Ma). 

Georg
Notiz
Just like in Motajica, the detachment is exhumed along a cross-cutting high-angle normal fault.
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What‘s going on at Cer MCC?
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Georg
Notiz
This outcrop exposes part of the shear zone. Here, we find "injected migmatites". 

Georg
Notiz
NiceN-S-plunging stretching lineations and top-N transport lineations.

Georg
Notiz
We differenciate between melano- and leucosome
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Results of Ar-Ar in-situ geochronology for white mica: 
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Georg
Notiz
no meaningful age

Georg
Notiz
Ages pbtained on both melano and leucosome are very similar. 

-->cooling temperature

Georg
Notiz
But we can see that deformation happened at 17 Ma - later than in Motajica.

Georg
Notiz
These are now the results for Cer MCC
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- Extension in the Pannonian Basin affects innermost Adriatic thrust sheets

- Breakaway-fault for the detachment reactivates ramp segment of the 
nappe contact

- Extension along the detachment with top-N transport active at ≈17-18 Ma

- Exhumation controlled by high-angle normal faults that also exhume the 
detachment

Conclusions:
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Georg
Notiz
this is the ramp segment that was reactivated extensionally.

Keep in mind, that we are here on the passive adriatic margin. The driving force for this extension is unequivocally the opening of the Pannonian basin. and interestingly, it reactivates former contractional structures as extensional detachments. 

Georg
Notiz
In Motajica MCC, which is situated within the accretionary wedge, we also observe the reactivation of former Maastrichtian thrusts (as Ustaszewski et al., 2010 have shown.





