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Detailed methods 

Laser-Raman spectroscopy (RS) has been performed on the samples to estimate pressure and 

temperature independently. The degree of graphitization of carbonaceous material during 

metamorphism depends on temperature and is irreversible, which provides a good thermometer to 

estimate maximum temperatures (e.g., Beyssac et al., 2002). The applicable range of 

temperatures (330-650 °C) allows us to use this method for our study and its accuracy has been 

estimated to be ± 50°C (Beyssac et al., 2002). Quartz stressed at depth due to the confining 

pressure, then entrapped in growing garnet will hold - in principle - the pressure acting at the time 

of entrapment. This result in a shift of the 464 peak (Δv464) of quartz. Depending on the 

structure related to the composition of the host garnet, the quartz inclusion will tend to relax this 

stress to variable degree (Rosenfeld, 1969; Enami et al., 2007). For this reason, only the highest 

entrapment pressure estimate must be considered for each sample. Additionally, the composition 

of the host garnet has to be measured in order to estimate the pressure. We used Raman 

spectroscopy to obtain spectra of quartz inclusions in garnets and pressure was determined using 

the Quiblab program described and created by Ashley et al. (2014). Temperature estimates were 

performed at École Normale Supérieure, Paris, France using a Renishaw in Via equipped with an 

Ar ion laser (514.5 nm wavelength). Pressure estimates were done at Freie Universität Berlin, 

Germany using a Horiba ISA Dilor Labram equipped with a Nd-YAG laser (532 nm 

wavelength). Both Raman spectrometers were equipped with a CCD detector and laser spot size 

was focused to 1 μm through a microscope (x100 objective) on the material of interest. 

Conditions used were a grating of 1800 grooves/mm and hole of 400 μm, with full intensity of 

the laser to analyze quartz and 50% of the intensity for carbonaceous material.  For quartz and 

other minerals e.g. garnets spectra measurements, we took an acquisition time over 30-90 s and 

spectra centered on the 1000 cm-1. For carbonaceous material, we measured with acquisition time 

over 10 s with 5 accumulation and spectra centered on 1450 cm-1, to obtain all the bands of the 

carbonaceous material. Calibration was done on Si standard with a 520 nm peak in both cases. To 

ensure good determination of quartz peak, an additional quartz standard (464 peak) was used and 

both standards were measured several times during the day to correct for potential peak shift with 

time. To smooth structural heterogeneity of the CM, 15-20 spectra were measured for each 
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sample to estimate the maximum temperature. The fitting of the spectra obtained with Raman 

spectroscopy was done using a Voigt function with the program PeakFit 3.0 (Jandel Scientific). 

For further processing, we extracted from PeakFit the peak position of quartz and peak position 

and band area for carbonaceous material. 

Zr content in rutile increases with temperature (Zack et al., 2004). This thermometer allows broad 

applications since it is suitable for various rock types and a large range of temperatures (430-

1100 °C; Zack et al, 2004). Even though the absolute uncertainty is estimated to be ± 50 °C due 

to the use of natural samples, the precision of the rutile thermometer is estimated to be ± 10 °C 

(high reproducibility; Zack et al, 2004). Concentrations of Zr in rutile were determined by EPMA 

performed on a JEOL JXA 8900 Superprobe electron microprobe at the Institute for Mineralogy 

of the Westfälische Wilhelms-Universität Münster, equipped with five wavelength-dispersive 

spectrometers (WDS). Operating conditions were 15 kV accelerating voltage, 120 nA beam 

current and a beam diameter of 3 μm. To achieve low detection limits (35 ppm) of Zr, peak count 

rate times were 30 s and 15 s for background for Zr. To avoid boundary effects, we measured 

rutiles with a size > 10 μm and used the quality control after Zack et al. (2004), by measuring the 

Si concentration. However, we considered a slightly higher limit for the Si content of 250 ppm 

since rutile containing Si < 200 ppm gave similar values to the ones containing 200 to 250 ppm. 

To estimate the temperature, we used the equation of Ferry and Watson (2007), using a new 

calibration over a broader range of temperatures (470 –1.400 °C).  

 

 

 

 

 

 

 

 

 

 

 

 



 



 



 

 

 



Figure DR1: Compilation of P-T estimates from the literature (Table DR2) and from this study. Note the 

very scattered P-T estimates results from previous studies. 
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