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Objective

= [0 present an example from a collision zone where a
shallow plate tectonic process has generated both regional
lithospheric domal uplift and great volumes of magmatism In
the absence of a mantle plume.



Eastern Anatolian plateau

One of the best examples of a continental collision zone In the
world.

One of the high plateaus of the Alpine-Himalaya mountain belt
(average elevation is —1.5 - 2 km).

one of the few regions where active continent-continent
collision Is currently taking place.

1: Western Anatolian plateau (1 km); 2:
Eastern Anatolian Plateau (2 km); 3: Tien
Shan (3 km); 5: Tibet (5 km) [Fig. 1 from
Dewey et al., 1986].
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s The region Is covered
with a widespread
and thick collision-
related volcanic L
sequence. (=1 km in T R
thickness in places) | A e e T\ 1
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s Almost 2/3 of the
region is covered by )
these volcanic units.
(around 43000 kmZ2 in
E Anatolia).
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countries (Maggi & Priestly, 2005).

Turkey, Russia, Georgia, Armenia, Azerbaijan, Iran
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lgnimiprite sheets
on the EKP




Plateau basalts




DPOJgIag JIC C Topograplc proflles low-pass flitered at 125km

o | Comparison of the topography of 3000 . .
25 Ethiopia with an E-W profile along the Eastern Anatolian High Plateau
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What has been going on beneath
Eastern Anatolia?

Geophysical studies
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» The mantle lithosphere is
either very thin or absent
beneath a considerable
portion of the region.

* [Regional wave propogation of
Gok et al., 2000, 2003]

e [Pn tomographic imaging of
mantle lid volacity of Al-Lazki et

al., 2003;
e [Sandvol et al., 2003: GRL, V.30,
2003] ’1- AA
= This area coincides with the BREERE Y202k

the extent of the Eastern
Anatolian Accretionary
Complex (Sengor et al., 2003).

Contours (red) display the mantle lid (i.e. lithospheric mantle)
thicknesses in km (Sengor et al., 2003).



Volcanism



Migration of volcanism to the
south over time

Distributien of the oldest
radiometric (K/Ar) ages.

(Pearce et al., 1990; Ercan et al.,1990
and Keskin et al.,1998).

Initiation ages of the
volcanism are contoured: in
1-Myr intervals.
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Spatial

character

11 Ma to 1.5 Ma l

; Erzurum-Kars Plateau

A Late Stage
4 Middle Stage
+ Early 5tage

$i0, (wt. %)

Si0, (wt. %)

(Pearce et al., 1990; Keskin et al., 1998).
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Nature of the source

Early J —*— MK283 (Krpz. 49.1%) MUS-MEMRUT-TENDUREK
2tage b—e— MKE281 (Krpz. 57%)
Late ~—— MHK139 (Horas. 49.7%)
Stage lL—o— MKA30 (Horas. 54.4%)
L—ﬁ— ME23T (Dum. 56.5%)
. o— MK2TT [Krpz. 60.6%)

P=arce =t al. (15990)

—— 2112 (Mus) —— 2113 [Mus)

. Rk Ba Th Ta Wb La Ce P HNd Hf Zr SmTh Ti % % Sr K Rb Ba Th Ta Wb La Ce P NWd Hf Zr SmTh Ti % %

~1.2 Ma te recent

alkaline

Pontides —— East Anatolian Accretionary complex Bitlis terrain <—— Arabian foreland



Hydroeus vs. anhydrous EC

Mus - Nemrut - Tendurek
Bingol-Suphan

Modelling EC

m pm
11-1.5 Ma ~1.2 Ma to recent
Calc-
alkaline

Pontides —— East Anatolian Accretionary complex Bitlis terrain <—— Arabian foreland




Crustal assimilation

Mus - Nemrut - Tendurek (b}

{Pearce ef al, 19200

Erzurum-Kars Plateau (a)
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Upper crust

ME139 4% : --_.._L_"‘- ra (POAM)
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M late (A)
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Modelling AEC
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Rb (ppm) Rb {(ppm)
~1.2 My
Calc-
alkaline

Pontides —— East Anatolian Accretionary complex Bitlis terrain <—— Arabian foreland




Crustal assimilation

Upper crust

Parameters:
Dry=0.1
A=-15
3%0°,.=5.6

Modelling AEC

Calc-

alkaline

Pontides —— East Anatolian Accretionary complex Bitlis terrain  <—— Arabian foreland



e Eastern Anatolia plateat

= Elevated and hence high
Elevation. ~1.5 - 2 ki plateau.

= Tectonically active
NVostly: strike slip. and reverse. iavlts

= Covered by a widespread and thick volcanic sequence
sometimes >1 Km. In thickness:in. places

= Has an asymetrical domal shape
= A great proportion of it is devoid of a lithospheric mantle root

= This coincides with the the extent of the Eastern Anatolian
Accretionary Complex



The collision-related volcanism

= Generated from a slightly-enriched mantle source
= Migrated to the south between 11 Ma and recent

= Display a gradual change in lava chemisry

= Asimilated more crustal material in the south than in the
north



Evolution of the region

[iFwe combine new: geolegical, geophysicalland geochemical data with the geoelegical
evolution of the regien:

(a) Before Eocene
Bitlis-Pélijrge arc

ot Arabian continent




Late Eocene - Oligocene

Shortening of
EAAC followed by
thickening over
the slab. The
hidden
subduction
possibly stopped



Being lefi
Unsupported: by
subduction, the
oceanic
lithespheric slal
may: liave
steepened and
finally’ detached
Rising of hot from the EAAC,
asthenosphere epening out an
asthenospheric
mantle wedge,
gradually widening
to the south.

<= e -~ S | _
Black Sea N LD SN This possibly
' > 2 7z : created suction on
Lol ' the
asthenosphere,

generating mantle
flow to the south

Asthenosphere
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Slab steepening and breakoff beneath a subduction-accretion complex [Keskin, 2003].



(I) Arabian foreland

Temperature (°C)
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Slab steepening and breakoff beneath a subduction-accretion complex [Keskin, 2003].



Why plume model cannot e a
viable moedel
for the region?

=  None of the fault systems and dyke swarms distributed! radially.

=  Fault plane solutiens ofi earthguakes indicate that the faults are either
transformi or reverse; not normal.

= A plume model cannet explain why volcanic units contain a distinct
subduction component in the north of Eastern Anatolia, and why, this
component gradually diminishes to the south.

= |t is also difficult to explain by a plume model why volcanism migrated
south with time, and why there is a gradual change in magma chemistry.
from calc-alkaline in the north to alkaline in the south.



Why plume model cannot e a

viable model
for the region?

\/olcanic activity' over the last 6 Myr displays a temporal change from: more
regional-scale activity to localised activity on a set of aligned central
volcanoes [Pearce et al., 1990].

Such an evelutionary sequence Is the reverse of what IS expected in
plume-related volcanic activity.



Conclusions

The Eastern Anatolian high plateau can be regarded as a "melting
anomaly" coinciding with a regional domal structure which is squeezed
In a collision zone in the N-S direction.

The mantle source region owed its exceptional fertility either to a
subduction component inherited from a previous subduction event, to the
oceanic crustal material previously subducted beneath the region, or to a
combination of both.

The Eastern Anatolian domal uplift is not related to a mantle plume.
Slab-steepening and breakoff process can explain the voluminous

magma generation and domal uplift in the region better than other
competing geodynamic model.



Conclusions

The Eastern Anatolian example is particularly important as it shows
that shallow plate tectonic processes can generate both regional
lithospheric domal structures and great volumes of magma in the
absence of a mantle plume.

The slab-steepening and breakoff process may be a very important
process for Asian continent where subduction accretion complexes
cover very large areas.

For detailed information, please visit:

http://www.mantleplumes.org/Anatolia.ntmi



