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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 meta-
morphic gradient with P-T conditions up to 10-15 kbar and 875˚C.
The cause of the relatively high pressures is uncertain since the pres-
ent-day overburden of the overlying ophiolite, cannot account for 
such high pressures. In addition the relation of the sole to the syn-
chronous formation of the SSZ oceanic crust is not well understood. 

What is the formation mechanism of metamorphic soles?

Introduction

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

Geological map of the field area, Pınarbaşı ophiolite.
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Petrography and structure

Tectono-stratigraphic column of the meta-
morphic sole of the Pınarbaşı ophiolite.

BSE images of metamorphic sole rocks.

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

Hornblende + Plagioclase ± Quartz ± Titanite 
± Apatite ± Hematite 

Calcite + Plagioclase + Epidote + Quartz 
+ Mica  ± Hematite 

Well foliated, asymmetric isoclinal folds, lineation 
defined by amphibole crystals, light coloured 
cm-scale bands with granular texture.
Fine-grained (< 1 mm) with more metapelitic 
layers at the bottom, and coarser grained (up to   
3 mm) at higher levels with a predominant igne-
ous origin. 
 

Foliated and folded (asymmetric open- and 
kink-folds), fine grained (< 1 mm). 

Dark, well foliated (close to mylonitic), asymmetric isoclinal 
folds and garnet porphyroblasts up to 1 cm. Light coloured 
m-scale layers with a granular texture. 

Outlook

Metamorphic petrology
- petrography (optical microscopy)
- chemical analysis (EMP and XRF)
- geothermobarometry
- pseudosection modelling: stable
   mineral assemblages

Thermochronology
- Lu-Hf in garnet (sole)
- U-Pb in titanite (sole) and zircon (oph?)
- Re-Os isotopes in sulfides (ophiolite)
- ⁴⁰Ar-³⁹Ar on hornblende and/or 
  plagioclase (sole and ophiolite)

Detailed P-T-t reconstruction of different levels of the sole by metamorphic 
study and age dating of both the metamorphic sole and the ophiolite, based 
on different field areas (e.g. Vourinos, Greece).

How are the metamorphic sole and the overlying SSZ ophiolite related?
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Preliminary P-T diagram showing the stability fields for the garnet-amphibolite (A1 and A2), after Guilmette et al. 
(2008). The stability fields are defined by 1) the presence of garnet, clinopyroxene and titanite for A1, and 2) the 
presence of garnet and ilmenite and the absence of clinopyroxene for A2.  

Reaction curves are from:
1. Frey et al. (1991)
2. Ernst and Liu (1998)
3. Bucher and Frey (1994)
4. Liu et al. (1996)
5. Ernst and Liu (1998)
6. Ernst and Liu (1998)
7. Green and Ringwood (1967)
8. Mukhopadhyay and Bose (1994)
9. Green and Ringwood (1967)
10. Liu et al. (1996)
11. Bucher and Frey (2002)

Metamorphic facies after Winter 
(2001):
GS - greenschist
AM - amphibolite
GR - granulite
E - eclogite
BL - blueschist
Pr-Pu - Prehnite-Pumpellyite
Z - zeolite

harzburgite, serpentinized
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Field photographs showing the serpentinite breccia from the mantle tectonite 
(a) and (b), garnet-amphibolite (c), garnet-clinopyroxene bearing amphibolite 
(d), amphibolite with isoclinal folds (e) and (f), and greenschist phyllite (g).
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Stereoplot of the main foliation plane S1 (N=42, 
density contours of poles in orange and poles as 
crosses), fold axes (N=2, red triangles) and linea-
tion (N=12, diamonds) in the (garnet-)amphibolites.
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Peak metamorphic conditions of the garnet-amphibolite

Non-metamorphic (?) radiolarites underneath 
the phyllite.
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