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The hydrostatic stress line of quartz: calculation methods and implications 

As a quartz crystal is compressed (or expanded) under hydrostatic stress conditions, it will develop deviatoric 

strains according to its elastic response. This change of strain with pressure can be visualized as a line in a strain 

graph. Figure S1 is a ε1+ε2 vs ε3 graph showing the hydrostatic stress lines of quartz, obtained with different 

methods. The yellow dashed line was obtained using the axial equation of state (EoS; Alvaro et al., 2020; Scheidl 

et al., 2016), while the blue and green line using the 1 bar adiabatic (Wang et al., 2015) and isothermal 

(Mazzucchelli et al., 2020) elastic tensors of quartz, respectively. The graph also includes the lines of equal 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464 

and  𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛 (in red and black, respectively) calculated as for Figure 1 in the paper. The hydrostatic inclusion pressure 

(𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464; red lines in Figure S1) was calculated by converting the strain into Raman shift using the Grüneisen tensor 

𝛥𝛥𝛥𝛥464 = −[𝛾𝛾1464(𝜀𝜀1 + 𝜀𝜀2) + 𝛾𝛾3464𝜀𝜀3] ∗ 𝛥𝛥464, (Angel et al., 2019), where 𝛾𝛾1464 and 𝛾𝛾3464 are the Grüneisen tensor 

components for mode 𝛥𝛥464, calculated ab-initio by Murri et al. (2018). The 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464 was then calculated using the 

hydrostatic calibration 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464 = �0.00029 ∗ 𝛥𝛥𝛥𝛥4642 + 0.118 ∗ 𝛥𝛥𝛥𝛥464� 𝐺𝐺𝑃𝑃𝐺𝐺 by Morana et al. (2020). 

The line of hydrostatic stress calculated with the isothermal (green dashed line) and adiabatic (blue dashed line) 

elastic tensors are very similar because the two tensors have the same component values within their uncertainties. 

The green circles in Figure S1 represent the hydrostatic stress at that point. The hydrostatic line in blue does not 

have such circles because they fall exactly at the intercept between the line itself and the lines of equal 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛 (in 

black) as they were both calculated with the same tensor. We omitted these symbols so as to not to overburden 

the graph. 

The hydrostatic line calculated from the measured variation of the unit cell parameters with pressure (yellow 

dashed line; Scheidl et al., 2016) is subparallel to the one obtained with the elastic tensor (in blue) in the pressure 

range in the graph (0-2.5 GPa). The yellow line is not a straight line because the anisotropy of compressibility of 

quartz changes with increasing pressure, so its difference with the line calculated with the room-pressure elastic 
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moduli (which is linear) increases exponentially for higher pressures. This means that, for pressures < 2.5 GPa, 

the differential strain (𝜀𝜀1+𝜀𝜀2
𝜀𝜀3

) remains roughly constant for hydrostatic stress, regardless of the calculation method 

(elastic tensor at 1bar vs. EoS). However, the absolute value of pressure for discrete points along the hydrostatic 

line changes (yellow circles in Figure 1). For example, the yellow circles almost overlap with the red and black 

lines (𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464 and  𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛, respectively) at 0.5 GPa. Instead, at higher 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛 (e.g., 1.0, 1.5, and 2.0 GPa) the yellow 

circles lie only on the red lines of 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464 at of the same pressure. This means that, for low inclusion pressures, the 

difference in strain for the same hydrostatic pressure is relatively small between strains calculated with the EoS 

and with the elasticity tensor. However, the higher the hydrostatic pressure, the larger is the difference in strain 

between these two methods. Furthermore, the lines of equal 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464 (red lines) cross the line of hydrostatic stress 

calculated with the EoS at almost the same pressures (the red lines and the yellow-dashed line cross at, or near, 

the yellow circles). This is because both the EoS and the lines of equal 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464 derive from hydrostatic measurements. 

The predictions by the elastic tensor at 1 bar are different from results from hydrostatic DAC experiments because 

Figure S1 - Graph of ε1+ε2 vs. ε3 displaying the lines of mean normal 
stress (𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛) of quartz calculated from the stiffness tensor (in black), and 
the lines of inclusion pressure calculated using the hydrostatic calibration 
(𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛464) by Morana et al. (2020). The yellow dashed line is the hydrostatic 
stress of quartz calculated with the quartz EoS (Scheidl et al., 2016). The 
green and the blue dashed line are the hydrostatic stress lines calculated 
with the 1 bar isothermal (Mazzucchelli et al., 2020) and adiabatic (Wang 
et al., 2015) elastic tensor, respectively. 
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the elastic tensor is valid only for infinitesimal strains at the reference pressure (1 bar) and does not account for 

either the stiffening nor change in elastic anisotropy of quartz as pressure and strains are increased. So, the only 

strictly valid line of equal 𝑃𝑃𝑖𝑖𝑛𝑛𝑛𝑛 in black in the figure is the one at 0 GPa. However, the elastic tensor allows one to 

explore the behaviour of quartz inclusions subjected to differential strain. Since quartz inclusions in garnet from 

both natural and experimental samples are generally under a non-hydrostatic stress, we have to assume that the 

elastic tensor is valid for the ranges of strains (-0.05 < ε1+ε2 < 0.03 and -0.02 < ε3 < 0.02). 
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