
Metamorhic petrology as a tool to understand subduction initiation

Metamorphic soles - how can they help to better constrain the physics of subduction initiation?

Metamorphic soles are intensily sheared, metamorphosed basalts and pelagic sediments that are welded 
to the mantle section of ophiolites with a so-called supra-subduction zone (SSZ) geochemical signature. 
They are interpreted to form at the top of a nascent oceanic subducting slab. These metamorphic rocks 
have a thickness of a few hundred meters and typically preserve an inverted metamorphic (field) gradient 
with P-T conditions up to 10-15 kbar (~30-45 km depth) 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, according to a geothermal gradient of 
10˚/km for a mature subduction zone, we would expect temperatures of 300-450˚C at at 35-40 km depth. 
However, we find higher temperatures, implying that the metamorphic sole formed at the onset of sub-
duction close to a ridge where the mantle has not cooled yet. 

What is the formation mechanism of metamorphic soles?W
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Metamorphic sole vs ophiolite

How are the metamorphic sole (top of a nascent subducting slab) and the overlying SSZ 
ophiolite (overriding oceanic lithosphere) related? We know that the metamorphic sole 
cooled (and formed?) during SSZ oceanic crust crystallisation, but many questions 
remain: How and when are the high-grade metamorphic sole rocks welded to the over-
lying oceanic lithosphere and exhumed to the surface?  What are the P-T conditions of 
the ophiolite, and are pressures in the mantle section as high as in the top of the sole? 
We expect that  (micro)structural observations, petrological- and chemical analysis could 
help to better define the relation between the sole and the ophiolite. O

U
TL

O
O

K References

- Dilek, Y., Flower, M.F.J., 2003. Arc-trench rollback and forearc accretion: 2. A model 
   template for ophiolites in Albania, Cyprus and Oman. In: Dilek, Y., Robinson, P.T., 
   Ophiolites in earth history. Geological Society, London, Special Publications 218, 43-68.
- Guilmette, C., Hébert, R., Dupuis, C., Wang, C., Li, Z., 2008. Metamorphic history and 
   geodynamic significance of high-grade metabasites from the ophiolitic mélange beneath
   the Yarlung Zangbo ophiolites, Xigaze area, Tibet. Journal of Asian Earth Sciences 32,
   423-437.
- Parlak, O., Yilmaz, H., Boztuğ, D., 2006. Origin and tectonic significance of the 
  metamorphic sole and isolated dykes of the Divriği ophiolite (Sivas, Turkey): evidence
  for slab break-off prior to ophiolite emplacement. Turkish Journal of Earth Sciences 15,
  25-45.
- Searle, M., Cox, J., 2002. Subduction zone metamorphism during formation and 
  emplacement of the Semail ophiolite in the Oman mountains. Geological Magazine 139,
  241-255.
- Winter, J.D., 2001. An introduction to Igneous and Metamorphic Petrology, 1st ed. 
  Prentice Hall PTR, pp. 697.

M. Kalijn Peters*, Douwe J.J. van Hinsbergen*, Herman L.M. van Roermund*, 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   

Tectonostratigraphic column of the Oman ophiolite and metamorphic sole, modified from 
Searle and Cox, 2002. Schematic cross section of the tectonic setting of formation of the 
metamorphic sole, indicating at what levels the different metamorphic facies are formed.

Distribution of Neotethyan ophiolites in the Eastern Mediterranean region (Parlak et al., 2006; after 
Dilek and Flower, 2003). 
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U-Pb in zircon >900 

Lu-Hf in garnet

U-Pb in titanite 620-700

Sm-Nd in garnet ?

U-Pb in apatite 400-500
Ar/Ar in hornblende 450-550

Ar/Ar in muscovite 350-400
Ar/Ar in biotite 300-350

Tectonostratigraphic column of 
the metamorphic sole of the 
Pınarbaşı ophiolite (Turkey).
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Fieldwork: sampling and mapping of three metamorphic Analytical work

Electron microprobe analysis (EMPA): chemical composition of minerals 
   → geothermobarometers: pressure or temperature conditions for a 
        specific mineral reaction
   → solid solutions and zoning of minerals

X-ray fluorescence (XRF): bulk-rock composition
   → pseudosection modelling: stability 
        fields for different equilibrium 
        mineral assemblages

Geochronology:
Using different isotope systems 
to date the formation and cooling 
of all levels in the metamorphic sole

   → timing of metamorphic events

Pressure-temperature diagram (modified from Guilmette et al., 2008), showing the meta-
morphic facies (after Winter, 2001) and reaction curves of some index minerals. 
Inferred stability fields for the different levels in the metamorphic sole, based on stable min-
eral assemblages, indicated in coloured circles.  Suggestions for P-T paths for the different 
levels in the sole are given, but they are not yet confirmed by analyses. 

Result: pressure - temperature - time (P-T-t) path
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