
Mantle tectonite

Petrology and structure of the metamorphic sole of the Pιnarbaşι ophio-
lite, central Turkey: preliminary results

M. Kalijn Peters*, Herman L.M. van Roermund*, Douwe J.J. van Hinsbergen*, Fraukje M. Brouwer**, Martyn R. Drury*
*Department of Earth sciences, Utrecht University, The Netherlands, e-mail: M.K.Peters@uu.nl, **Department of Earth and Life sciences, VU University Amsterdam, The Netherlands   

Ophiolites with a so-called supra-subduction zone (SSZ) geochemical signature frequently 
have a several-hundred-meter thick sequence of metamorphic rocks below their mantle 
section: the metamorphic sole. These metamorphic rocks typically preserve an inverted 
metamorphic gradient with P-T conditions up to 10-15 kbar and 875˚C.
The cause of the relatively high pressures is uncertain since the present-day overburden 
of the overlying ophiolite, cannot account for such high pressures. In addition the rela-
tion of the sole to the synchronous formation of the SSZ oceanic crust is not understood. 

What is the formation mechanism of metamorphic soles?

Introduction

Tectonic model of the formation of the Bay of Islands ophiolite, New-
foundland (Dewey and Casey (2013)

Outlook

Metamorphic petrology
- petrography (optical microscopy)
- chemical analysis (EMP and XRF)
- calculation of pressure and temperature 
  conditions
- Pseudosection modelling: stable mineral
  assemblages

Age of formation 
- Lu-Hf in garnet (sole)
- U-Pb in titanite (sole) and zircon (oph?)
- isotopes in sulfides (ophiolite)
Cooling age
- ⁴⁰Ar-³⁹Ar on hornblende and/or 
  plagioclase (sole and ophiolite)

Distribution of the Neotethyan ophiolites in the eastern Mediterranean region 
(Vergili and Parlak, 2005; after Robertson, 2002). The location of the Pınarbaşı 
ophiolite is indicated in red.

Geological map of the field area, Pınarbaşı ophiolite.
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Detailed P-T-t reconstruction by metamorphic study and age dating of both the meta-
morphic sole and the ophiolite, based on different field areas (Vourinos, Semail)

How are the metamorphic sole and the overlying SSZ ophiolite related?

Working hypothesis
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Petrography of the metamorphic sole

Tectono-stratigraphic column of the Pınarbaşı ophiolite BSE images of metamorphic sole rocks

Garnet + Hornblende + Plagioclase + Clinopyroxene 
± Quartz ± Titanite ± Ilmenite ± Hematite ± Apatite

Hornblende + Plagioclase 
± Quartz ± Rutile ± Titanite ± Apatite 
± Hematite 

Calcite + Plagioclase + Epidote 
+ Quartz + Mica  ± Hematite 
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Well foliated, asymmetric isoclinal folds, 
lineation defined by amphibole crystals, light 
coloured cm-scale bands with granular tex-
ture.
Fine-grained (< 1 mm) with more metapelitic 
layers at the bottom, and coarser grained (up 
to 3 mm) at higher levels with a predominant 
igneous origin. 

Foliated and folded (asymmetric open- and 
kink-folds), fine grained (< 1 mm) with a sedi-
mentary origin.

Dark, well foliated (close to mylonitic), asymmetric 
isoclinal folds and garnet porphyroblasts up to 1 cm. 
Light coloured m-scale layers with a granular tex-
ture. 
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STAGE 1: Slow-spreading ridge (or transform) inversion; overriding plate spreading above nascent slab mantle anchor

virtual hotspot track
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STAGE 3: Initiation slab pull: slab steepening, in�ow of mantle below and dyke intrusion into sole; stable subduction

metamorphic sole welded to SSZ lithosphere;
mantle-derived dykes intrudinginception slab pull;

roll-back
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STAGE 2: Mantle wedge volume decrease due to forearc spreading: slab �attening and metamorphic sole exhumation

LP metamorphic sole
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Tectonic model, Bay of Islands ophiolite (Dewey and Casey, 2013)
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Tectonic model (Van Hinsbergen et al., internal report, 2013)


