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PRIN 2017 Intraplate deformation, magmatism and topographic
evolution of a diffuse collisional belt: Insights into the geodynamics of
the Arabia-Eurasia collisional zones

WP1-Definition of spatio-temporal patterns of collisional
deformation (UdR1-3)

Tasks:

Main exhumation events and their distribution at regional scale

Structural styles/patterns in the sequential evolution of intraplate
deformation

Role of structural inheritance in controlling deformation



PRIN 2017 Intraplate deformation, magmatism and topographic
evolution of a diffuse collisional belt: Insights into the geodynamics of
the Arabia-Eurasia collisional zones

WP2—Quantification of the magnitude of vertical movements (UdR1-
3)

Tasks:

Rates and mechanisms of regional subsidence predating collisional
deformation



PRIN 2017 Intraplate deformation, magmatism and topographic
evolution of a diffuse collisional belt: Insights into the geodynamics of
the Arabia-Eurasia collisional zones

WP3—-Definition of the major tectono-stratigraphic and
environmental changes from sedimentary archives (UdR1-4)
Tasks:

Source-to-sink sediment transfer

Long-term paleoclimatic and paleoenvironmental record changes
Major deformation and erosional events



PRIN 2017 Intraplate deformation, magmatism and topographic
evolution of a diffuse collisional belt: Insights into the geodynamics of
the Arabia-Eurasia collisional zones

WP4-Elaboration of a petrogenetic model for the generation of
igneous activity in space and time (UdR1, UdR4-5).

Tasks:

Relationships between arc-type and intraplate volcanism and their
spatio-temporal association with different tectonic settings
Characterization of “intraplate-like" districts developed inside the
collision zone

Role of deformation in controlling the space-time distribution of
intraplate magmatism
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evolution of a diffuse collisional belt: Insights into the geodynamics of
the Arabia-Eurasia collisional zones

WP5 - Modeling geodynamic processes responsible for topographic
development (UdR1, UdR5)

Tasks:

Subduction vs. collision dynamics for regional topographic evolution
Large-scale mantle flow and crustal deformation in the formation of
orogenic plateaus

Inherited regional structural boundaries and the time-space
progression of deformation
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evolution of a diffuse collisional belt: Insights into the geodynamics of
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Figure 3. Workflow highlighting the proposed multidisciplinary approach, which includes the characterization of different geological signals (WP1
to WP4), the development of a geophysical model (WP5) based on available geophysical data and our new and published geological data, and

finally the elaboration of a comprehensive geodynamic synthesis.
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£ Pros and Cons

e

Big project, lot of units, lot of Big project, lot of units, lot of
objectives, lot of methods... objectives, lot of methods...
More extension Less comprehension

Different point of views
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Different point of views
Geochemistry vs. Geophysics?
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Different point of views
Geophysics vs. Geophysics
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Westward drift of Lithosphere vs. Dynamic Topography

orogens vs subduction polarity
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Magmatism and Geodynamic Evolution of Eurasia-Africa-Arabia converging systems
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Main objectiv\es:
- ldentify the characters of magma mantle sources and describe the magma formation and evolution processes
- Interactions between sub-slab and slab-modified sources.

- Time evolution of erupted products (and of their mantle sources)

- Relationships between geodynamic framework, timing and geochemical characters of products
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Arabian plate: new and old topic

|||||ﬂi|!||'ii;wr "“J“m e

Aus

\HHHI o

4'_.

v "‘ |l i, il
ARABIAN || ||||I|||u|||
PLATFORM [0

G

%g

Fig. | Slnwluul lkmh map ol’Tutlley and north-western Iran. Horizontally hatched areas (1) show Neogene to

Qi {ly hatched areas (2) are Oligo-Miocene molassic basins. lnm plalc

boundary md motions in M;ddlc East after McKenzie (1977); the dotted area rep the zone of i

deformation of Van (Innocenti et al., 1976); the arrow length is approximately proportional to the velocity relative to

Eurasia; plates are labelled as follows: 1, Eurasian; 2, African; 3, Iranian; 4, South Caspian; 5, Turkish; 6, Aegean;
7, Black Sca; 8, Arabian

Innocenti et al., 1982 (Andesites)



Arabian plate: perfect for Plate Tectonics

Pliocene-Holocene
vl | Pl LT

Pliocene-Holocene
o calc-alkaline rocks z‘ (et Sl

Paleocene-Miocene [ =" | strike-slip fault
alkali basaltic rocks - frlkesAp e

I Paleocene-Miocene Fault (concealed)

calc-alkaline rocks
0 100 200km
—




Arabian plate: perfect for isotope geochemistry

Table of Isotopes (1999)
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Arabian plate: perfect for radiogenic isotope studies

Their ratio changes significantly in geological times i ——

Their ratio does not change significantly in human times

Earth reservoirs have (or acquired) a different parent/daughter
ratio

Earth reservoirs have different radiogenic isotope ratio
Radiogenic isotopes are natural watches for geological time
Radiogenic isotopes can be used to trace Earth reservoirs

(from Workman et al., 2004, G3)




Arabian plate: perfect for radiogenic isotope studies?
eThese isotope systematics provide partly equivocal informations, ‘_\‘F
because they record a parent-daughter fractionation, whose age : '
and location are not known.

e To what extent are mantle “enrichments” due to superficial
processes?

*Where mantle re-fertilization takes place?
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Arabian plate: perfect for stable isotope studies

Unambiguous evidence of the occurrence of shallower processes can be
provided by stable light isotopes (e.g. H, O, C, S, Li, B), whose variations
reflect only low temperature episodes.

Why? Isotopic composition of stable light isotopes only change as a
consequence of isotope fractionation, which is negligible at high T
(T=1000 °C).

Indeed H, O, C, S, Li and B isotope composition is the same in enriched
and depleted mantle.

Therefore, light stable isotopes are able to trace the recycling of
superficial material in the mantle and re-fertilization of mantle domains.

WARNING: negligible means less than 0.5%o0
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Magmatism and Geodynamic Evolution of Eurasia-Africa-Arabia converging systems

O Published papers
O Submitted or in Preparation
O Targeted Areas
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Collaborations with Univ Leeds and Armenian Academy of
Sciences (for Armenia), Shahid Behesti & other Univ (for
Iran), several universities in Turkey...



Western Anatolia (and Aegean)
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Western Anatolia (and Aegean)
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Sample/Primitive Mantle

Central Anatolia (Cappadocia)

86% OI1B-like melt 14% calc-alk melt
Nb-U-Ta flat pattern
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Central Eastern Anatolia
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Eastern Anatolia
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Eastern Anatolia
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Karliova Triple Junction




Karliova Triple Junction
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Iran (Sahand)

~7200 km?
3600 m.a.s.l.

* Quaternary age: high-K
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Iran (Tafresh)
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. ~ 15 Ma (Mid. Miocene):
‘“ N dacites

~ 19 Ma (Early Miocene):
enriched Nb-Ta basalts

'& <
\ ~ 26 Ma (Late Oligocene):
From Ghorbani et al. (2014) calcalkaline andesites
~ 35 Ma (Late Eocene):

Coeval volcanism in CENTRAL UDMA calcalkaline basalt
(Tafresh-Kashan-Nain area)

~20000 km?




Iran (Bijar-Qorveh)

Late Miocene (9-8 Ma): dacitic-rhyolitic domes and -
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Iran (Nowbaran)

T

T T

Na,0+K,0 (wt.%)

T

Phonolite
ephriphonolite
Melilitite s
Foidite _phonotéphri
£ Trachyand
- Jeghid \Trachybasa

Bas

rachybasalt

Basaltic Andesit]

Trachyte

ite

.

0]

Dacite

Rhyolite

- QPicro Basalt .
I basalt andesife Si0, (wt %)
40 45 50 55 60 65 70 75

Igneous activity
| Quaternary N
B vertiary
| Mesozoic
Paleazoic
B Proterozoic
W ophiolite

g ‘ Q‘ ChUR=0.51264
5126 | |

5124 | <
[ g | EM-II:|
- N
5122 | S ‘
- 4
[ al | EMd
5120 1 1 I 1 Il
0.702 0.704 0.706 0.708

875r /8651



Na,0+K,0
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Sub-continental “OIB-type” basalts

BLACK SEA

. Common in Continental rift or extensional areas

*  Common throughout Mediterranean (CiMACI, EAR...)
. Similar to Oceanic Island Basalts

. Plume Related?

. May carry mantle xenoliths

e S
’I;EDITESIES‘!:MEAN_C%’{;{\,{KW
*  Typical features: Ol-phyiric, Na-alkaline, 8/Sr/86Sr = ————
alkali basaltic rocks o
0_7025—0_7040 |:| Pliocene-Holocene ZI Thrust fault

calc-alkaline rocks

Paleocene-Miocene Strike-slip fault
:] alkali basaltic rocks |Z] £

I Paleocene-Miocene Fault (concealed)

calc-alkaline rocks
0 100 200km
o —

PERSIAN
GULF
‘&

. Found in Western, (Central), Eastern, Southeastern
Anatolia
. Not found in Iran

Lustrino and Wilson, 2007 (ESR)



Sub-continental “OIB-type” basalts

Found in Western, (Central), Eastern, Southeastern

Anatolia a5 [ A Composition from k-73a (EKici, 2016) [ o Ha.| @kangal ]I,
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B isotopes with Neptune MC-ICP-MS

W Anatolia data: VG 54E TIMS (2005)
New data: Neptune Plus MC-ICP-MS (2019)

Very similar chemical procedure
Lots of advantages during analyses
. 100 ng of boron needed against 2000 ng

. Easy to measure
sample with less than

50
1 2 p p m Of B ©® MC-ICP-MS Neptune Plus™
40 | (IGG-CNR, Pisa) - TIMS VG-34E™
(IGG-CNR, Pisa)
. External %
R2=0.9975

reproducibility better
than 0.5%o for all
of the samples
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X

delta''B MC-1CP-MS Neptune Plus (IGG-CNR, Pisa)
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R?= 09975
=30
30 0 =10 +10 20 v 3 0

=2 0 ’
delta B MC-ICP-MS Neptune Plus (Lulei), blu - TIMS VG 54-E (IGG-CNR, Pisa), arancio



South East Anatolia
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Agostini et al., in prep.



143Nd / lMNd
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P (kbar)
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South East Anatolia
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3 OQB E <§ oB e Sample sourced in sub-lithospheric
N A, N mantle with no subduction imprint
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Not only South East Anatolia

B A.
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Same trend for rocks
coming from distances of
> 2000 km and belonging
to different plates

Sample sourced in sub-lithospheric mantle with no
subduction imprint distribute in a trend along two end-

members:

. A) deeper, more depleted (lower 8’Sr/8Sr), 11B
enriched domain, generating more alkaline magmas

. B) shallower, more enriched, 'B-depleted (or
normal?) domain, generating less alkaline magmas



South East Anatolia

ARATOLA

Dead Sea Fault Zone
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Take home message:

*  Any sub-slab mantle underneath Anatolia and
Arabia is African Subcontinental Mantle



Why Sub-continental “OIB-type” basalts?

Oceanic basalts from MORBs to OIBs are perfect windows on the
underlying mantle. They are often emplaced as primary or near-

primary magmas

What if sub-continental mantle is different from sub-oceanic
mantle? We need more windows.

03

0.2

Adding more isotope systematics is necessary to fully open these

windows.

After more than 3 Ga of subduction, more than 4 Ga of mantle
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@ 0.08
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recycling, is there any “primitive mantle” or “depleted mantle” o4

left?
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Arabian plate: perfect for stable isotope studies

Unambiguous evidence of the occurrence of shallower processes can be
provided by stable light isotopes (e.g. H, O, C, S, Li, B), whose variations
reflect only low temperature episodes.

Why? Isotopic composition of stable light isotopes only change as a
consequence of isotope fractionation, which is negligible at high T
(T=1000 °C).

Indeed H, O, C, S, Li and B isotope composition is the same in enriched
and depleted mantle.

Therefore, light stable isotopes are able to trace the recycling of
superficial material in the mantle and re-fertilization of mantle domains.

WARNING: negligible means less than 0.5%o0

_ Cross-Arc Variation
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Arabian plate: perfect for stable isotope studies

Unambiguous evidence of the occurrence of shallower processes can be
provided by stable light isotopes (e.g. H, O, C, S, Li, B), whose variations
reflect mostly low temperature episodes.

Why? Isotopic composition of stable light isotopes only change as a
consequence of isotope fractionation, which is less than 1%o0 at high T
(T=1000 °C).

Indeed H, O, C, S, Li and B isotope composition is the same (within
1%e0) in pristine and depleted mantle after magma estraction.

Therefore, light stable isotopes are able to trace the recycling of
superficial material in the mantle and re-fertilization of mantle domains
and other magma depletions events.
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