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Text S1

The used third-order Birch-Murnaghan equation of state is described in the following:
7 5 2
_3Kp (V)3 (V)3 3 Vro\3
P= Tl(T) - () H 13 ((0Kr/ 9P)r =4) [(7) - 1] } M,

where P, Vo, V, Ko, and (0K7/OP)rare pressure, unit-cell volume at temperature and
zero-pressure, unit-cell volume at pressure and temperature, zero-pressure bulk
modulus, and its pressure derivative, respectively.

The thermal-pressure equation of state is based on the idea of thermal pressure (Pu; e.g.,
(Angel et al., 2014). The total pressure (P) at a given V and T can be expressed as P(V,
T) = P(V, Tre) + Pm. P(V, Tr) is the pressure at reference temperature (7,.) which is
described by the Birch-Murnaghan equation of state (1). Px used here is proposed by
Holland & Powell (2011):

_ H_E 1 _ 1
Py = aoKro (é‘o) (eXp(ﬁE/ -1 exp(6g/Trer) — 1) 2)

where ay is the thermal expansion coefficient at 7., O is the Einstein temperature,
and & is given by the following expression (Kroll et al., 2012):

— (6E/Tref)zexp(6E/Trgf)
(exp(08/Tyep) = 1)°

% 3).

Text S2

The adiabatic bulk (Ks) and shear (G) modulus at high P and high T are evaluated by
the third- or fourth-order finite-strain equations.

(1) For Ks:

Ks=Kgo(1) x (1 +290) x (1+(3 (%)T— 5)xf) or

Ks=Kgo(T) x (14290 x (1 +(3 (%)T = 5)X[+0.5 X <9KSO(T) x
(55) +ox (&), - 36 x (%) +35)x ) 4.
Keo(D) =Kst (52) X (T = T, ®).
(), (%), xEsp ] aar o
r=05x((55) -1 ),

-1
po(D) =py(T,) X (Exp [;_adr) ®),



where Kso(7) is the adiabatic bulk modulus at room P and temperature (7), f'is the

: . . (K5 . o
Eulerian finite strain, (6_PS) is the first-order pressure derivative of K at temperature
T

2
T, (%) is the second-order pressure derivative of Ky at 7, Ko is the adiabatic bulk
T

oKg\ . o oK. .
modulus at room P-T7, (6—;) is the temperature derivative of K, (a—;) is the first
P Tyor

pressure derivative of Ks at Ty, p 1s the density at high P-T,, po(7) is the density at
room P and 7, po(Tre) 1s the density at room P-T, and a is the thermal expansion
coefficient.

(2) For G

G = (142/)2 X (Go(T) + byf) or

G=(1+ 2f)§ X (Go(T) + byf + 0.5b,/) ),

Go(D) = Gyt (5) X (T = T, (10),
by =3Kn(D) (5) — 5Go(1) (11),
by =9 (55) + VKn(M(5) ~ () 1+ 242 (12),
(5), (%)wa X Exp [y oodT (13),
K= Kg/(1 + ayT) (14),
(39, = +an'x (32) ~ »kn(D(FF) ) (15),
(39 = (3), -~ w1/ +aD) (16),

where Go(7) is the shear modulus at room P and temperature 7, Go is the shear

G\ . .. .
modulus at room P-T, (6_(7;") is the temperature derivative of G, Kpy(7) is the
P

. oG\ . o
isothermal bulk modulus at room-P and 7, (a—g) is the first-order pressure derivative
T

3G\ . o oKr\ .
of GatT, (67G) is the second-order pressure derivative of G, (6—;) is the pressure
T T

o . oG\ . o
derivative of the isothermal bulk modulus at 7, (5) is the pressure derivative of G
Trer

at Trer, Kpp 1s the isothermal bulk modulus at room P-7, y is the Griineisen



oKr\ . o .
parameter, (6_PT) is the pressure derivative of the isothermal bulk modulus at 7, and
T

oKT\ . o :
(6_TT) is the temperature derivative of the isothermal bulk modulus.
P
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Figure S1. The calculated phase diagrams using Perple X for the Archon (a), Proton
(b), and Tecton (c) SCLM. O-olivine; Opx-orthopyroxene; Cpx-clinopyroxene; Gt-
garnet. HGP means the used solution model.
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Figure S2. Calculated mineral proportions of three SCLMs, (a) Archon (3-8 GPa), (b)
Proton (3-6 GPa), and (c) Tecton (3-5 GPa). The used bulk compositions of the
SCLMs are extracted from Griffin et al. (2009), and the used geotherms are taken
from Deen et al. (2006).
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Figure S3. End-member proportions of Cr-pyrope in the Archon (a; 3-8 GPa), Proton
(b; 3-6 GPa) and Tecton (c; 3-5 GPa). Prp, Alm, Grs, Uvr and Knr represent pyrope,
almandine, grossular, uvarovite and knorringite, respectively.
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Figure S4. Density p (a), bulk modulus Ks (b) and shear modulus G (c) of Prp-Cr#12
along isotherms at 1000 K and 1600 K over 3-8 GPa. The solid curves represent
values calculated using the elastic parameters (Table S3) fitted to the Prp-Cr#12 data.
The dashed curves represent values calculated using the end-member model (linear
average of garnet end-member parameters; Table S4) elastic parameters determined
for the Prp-Cr#12 composition. Error bars are shown at selected pressures.
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Figure S5. Calculated mineral proportions of three SCLMs, (a) Archon, (b) Proton,
and (c) Tecton at 3-8 GPa along isotherms at 1300 K and 1500 K. The major-element
compositions of the SCLMs are extracted from Griffin et al. (2009).



Table S1. Average compositions of the Archon, Proton, and Tecton SCLM adopted
from Griffin et al. (2009), which are used for the Perple X calculation

Oxide (wt.%) Archon Proton Tecton
Si02 45.7 44.7 44.5
ALO; 0.99 2.1 3.5
FeO 6.4 7.9 8.0
MgO 45.5 42.4 39.8
CaO 0.59 1.9 3.1
Na,O 0.07 0.15 0.24
Cn03 0.28 0.42 0.40

Note: other minor components (e.g., TiO2, MnO) are not considered in the
Perple X calculation.



Table S2. Mineral proportions and compositions of the Archon (a), Proton (b) and Tecton (c¢) as a function of pressure and temperature
Pressure  Tempera OIl/Opx/Cpx
(GPa)  ture (K) /Gt (vol. %) Ol Opx Cpx Gt
(a) Archon
3 %35 69.1/25.8/1. MgigsFe Foor7s MgigaFeo12Cao.01Nao.01Croo2  Enogo.71Fss.99Di0sKososJdoMg MgossFeo.03CaogaNao.14Croos  Diso.7JdsHds 2CenioKoss2  MgoooFeo65Cao26Croos  Prpso.sAlmaisGrsssUv
9/3.2 0159104  Fazas Alo.02S11.9806 Tso.6CrEny.1 Alo.0651206 CaTso Al 92813012 r3.8Knro
4 087 69.2/26/1.3/ MgissFe Fooreo MgigaFeo11Cao02Nao.01Croor  EnogosiFss49Di19Kosi2JdoMg  Mgos7Feo.03CaogaNao.13Cro.07  Digo.g2Jds soHd3z 4CensKos7;  Mga 11Feo54Cao35Cro.16  Prp7o3Almis.1Grsz sUv
3.6 0.1591 Faz.0 Alo.02S11.9906 Ts0.7CrEno.2 Alo.0651206 19CaTso Al; 84813012 r5.1Knro
5 1123 69.2/26.5/0. MgissFe Foorso MgigsFeo1CaoosNao02Croor  Enss11FsagDissKosi1JdosM — MgosoFeo.03Caog7Nao.1Croos  Disa.02JdssHds 1Cenz6Kos  Mgo 1Feo5:Cao3sCro21A  Prpso.sAlmi7.4Grsy 1 Uv
7/3.6 0159104  Fazso Alo.02S11.9906 gTs1CrEno Alo.04S1206 5.890CaTso 1170813012 r10.7Knro
6 1242 69.2/26.8/0. MgigsFe Foor3o MgigFeo1CaoosNao02Croor  EnsgoiFsasDissKoso7JdiiM  MgoosFeo04Caog4sNao.1Croos  Dizo.7Jds2HdsCene sKosss  MgooeFeo44Cao3Cro24A  Prp73.43AlmissoGrsoUv
5/3.5 0159104  Faz7o Alo.03S11.9906 gTsoCrEno Alo.04S1206 CaTso 1176813012 r10.09Knry.
7 1345 69.3/26.7/0/  MgissFe Fooos MgissFeo09CaoosNaoo2Croor  Engso1Fss.4Dis9Ko0s0.5Jd13M Mg>.18Fe04Cao.42Cro27A  Prpr2.6Almi3 4GrsosUv
4 0153104  Faz7s Alo.01S1206 gTsoCrEno - - 1173813012 r13.7Knro
g 1431 69.3/26.7/0/  MgissFe Foon2o MgissFeo09Cao.osNao02Croor  EnggoFss2Diz2Kosi2JdosMg Mgo 22Fe04Cao38Cro29A  Prp724Almi3 2GrsoUvry
4.1 0169104  Fazso Alo.01S1206 Tso.9CrEng - - 1171813012 28Knri 6
(b) Proton
3 1032 68.4/17.4/6. MgisiFe Fooo7 Mgir9Feo.14Cao.02Nao.01Croo2  Eng7Fs72Di2.1Kos1.1JdoMgTsi  Mgo.g7Feo.0sCao.83Nao.12Cro.06  Dir77.5Jds 3Hds2Ceng 9Koss. Mga.1Feos7Cao33Cro.1Al - Prp7o.03Almig.osGrse.19
9/7.3 0195104  Fag3 Alp.04S11.9706 5CrEny Alp.06S1206 1CaTso 191513012 UvrssKnr
4 1238 68.4/17.7/6. MgisiFe Fooos Mgi77Fe0.13Ca0.04Nao.02Cro.02  Engs31Fse.60Dis3Ko0s1 sJdooM  Mgo.ooFeo.06Cao.7sNao.12Cro.04  Diz2Jd7.7Hds.1CenioKosa2,  Mga.12Fe0.49Ca0.4Croi6A Prpro.53Almie28Grss.o
3/7.5 0195104  Fags Alo.04S11.9806 gTs>CrEng Alo.08S1206 CaTso 11.84S13012 Uvry.g90Knry
5 1425 68.5/18.1/5. MgisiFe Foooss MgirsFeo.13Cao07Nao.02Croor  Engs2oFse20Dis790Kos12Jdi1 MgoosFeo.07Cao.73Nao.11Cro.03  Digs23Jd7.89Hdss90Cenises Mgz 14Fe0.43Ca0.43Cro.19  Prp71.2Almis5GrssoUv
7/7.7 0.1905104  Fag s Alp.04S11.9906 MgTs1.4CrEno Alp.08S1206 Kos32CaTso.1 Al 81513012 r9.4Knro
6 1592 68.5/19.5/3. MgisFeo Fogo24 Mgi.73Fe0.11Ca0.09Nao.03Croor  Ensi.42Fssc9oDi9390K0s0sJd22  Mgi.03Feo.07Cao.67Na0.12Cro.03  Digo.14Jds.9oHd7.00Cenzi2s  MgaFeo39Ca061Cro21Al - Prpes.7Almis 1Grsg sUv
9/8.1 2Si0s4  Fag e Alp.03S1206 MgTsosCrEno Alp.09S1206 Kos2.5CaTso 179513012 r10.6Knro
(c) Tecton
3 1270 64.0/11.9/12 MgisFeo Fosooo Mgi7aFeo.14Ca0.0sNao.02Croo2  Ens2.42Fs7.19D1a9Kos1.6JdoMg  Mgo.o3Fe0.07Ca0.76Nao.13Cro.03  Dieo23JdosoHds490Ceniieo  Mga.19Fe0.46Cao35Croo9  Prp73.1Almis2Grs7.1Uv
.0/12.1 25104 Fajoo1 Alo.08S11.9606 Ts3.7CrEno.2 Alp.1S1206 Kosz 7CaTso Al191S13012 r4.6Knro
4 1538 64.0/11.0/13 MgisFeo Fososo Mgi7Feo14Cao0sNao.02Croo1  Enzs 7Fse9Dis3Kos12JdooMg  Mgi.osFeo.09Cao.e3sNao.11Croo2  DiszsJdo2Hdo 1CenosKosz  Mga.isFeo41Ca0.41Croir - Prp72.7Almis 5Grss. Uy
.0/12.0 28104 Fajoan Alp.09S11.9606 Ts4CrEng Alp.11S11.9906 CaTsoo Al 89S13012 rs.7Knro
45 L664 64.0/7.0/17. MgisFeo Fogoss Mgi71Feo.13Ca0.09Nao.03Croo1  Ensgo.12Fs639Di930Ko0s0.7Jd21 Mgi2Feo.11Cao47Nao.0sCro02  DizooJdssHdi12CensssKo Mgz .19Fe030Ca043Cro.13  Prp72.83Almi2.99Grs7.79
9/11.1 28104 Fajonr Alp.05S11.9906 MgTs13CrEno Alp.17S11.9506 s1.7CaTss 4 Al 87813012 Uvre 39Knro
5 1787 64.1/7.0/17. MgisFeo Fogo77 Mgie7Feo.13Cao.12Nao.03Croor  En7s.e2Fse20Di1230K0s08Jdi.s  Mgi24Feo.11Ca0.45Nao.09Cro.01  DizigJd7.6Hd11Cenge1Kosi Mgz 19Fe037Ca0.44Cro.14  Prp73Almi22GrsgUvre g
1/11.9 28104 Fajoz3 Alp.08S11.9706 MgTs3.1CrEno Alp.13S11.9806 1CaTs24 Al 86513012 Knro

Notes: Ol-olivine; Opx-orthopyroxene; Cpx-clinopyroxene; Gt-garnet; Fo-Forsterite (Mg>Si04); Fa-fayalite (Fe>SiO4); En-enstatite (Mg2Si20gs); Fs-Ferrosilite (Fe>Si20¢); MgTs-Mg-tschermakite (MgAISiAlOg); Di-diopside
(CaMgS120¢); Jd-jadeite (NaAlSi2Os); Kos-kosmochlor (NaCrSi»Og); CrEn-Cr-enstatite (MgCrSiAlOs); Hd-hedenbergite (CaFeSi>Os); Cen-clinoenstatite (Mg2Si20¢); CaTs-Ca-tschermakite (CaAlSiAlOg); Prp-pyrope
(Mg3Al2Si3012); Alm-Almandine (Fe3Al2Si3012); Grs-grossular (Ca3Al2Si3012); Uvr-uvarovite (Ca3Cr2Si3012); Knr-knorringite (MgzCr2Si3012). - means unavailable. The geotherms of Archon, Proton, and Tecton are adopted from

Deen et al. (2006)



Table S3. Chemical Composition of the Cr-pyrope in this study

Oxide (wt.%) Prp-Cr#12
Si02 41.77(58)
TiO2 0.09(3)

ALO; 19.91(23)
FeO? 6.39(4)
MnO 0.33(3)
MgO 20.15(24)
CaO 6.18(4)
NaxO 0.01(1)
K>0O 0.00(0)
Cr203 4.33(6)
NiO 0.01(2)
Total 99.20(100)

Numbers in parenthesis represent standard deviations
* All Fe as FeO



Table S4. Elastic properties of Cr-pyrope and end-member pyrope

Composition Ci1 (GPa) Ci2 (GPa) Cas (GPa) Kso (GPa) Go (GPa) Vp (km/s) Vs (km/s) (0Ks/OP)7(0G/0P)r (0Ks/Or)p (GPa/K) (0G/0T)p (GPa/K) Method References
Cr-Prp*  291.4(6) 105.9(4) 90.6(3) 167.7(8) 91.5(5) 8.85(1) 4.97(1) 4.3(1) 1.4(1) —0.0175(1) —0.0073(1) This study
Cr-Prp° - - - 171.6(13) 90.7(1) 8.92(3) 4.99(1) - - - - RPR Babuska et al. (1978)
Cr-Prp© - - - 171.3(16) 92.6(2) 8.92(4) 5.00(1) - - - -

Cr-Prp! - - - 170.0(18) 92.6(1) 8.90(5) 5.00(1) - - - -
Cr-Prp® - - - 170.8(27) 92.0(2) 8.88(7) 4.97(1) - - - -
Cr-Prp"  296.6(15)108.5(16) 91.6(2) 171.2(8) 92.6(3) 8.92 5.00 —0.0193(2)¢ —0.0102(1)® RPR  Suzuki & Anderson (1983)
Prpioo®  294.5(5) 105.7(6) 90.5(4) 168.6(4) 92.03) 9.05(1) 5.09(1) 4.6(1) 1.3(1) —0.015(1) —0.008(1) BLS Fan et al. (2019)
Prpioo®  296.2(5) 111.1(6) 91.6(3) 172.8(3) 92.0(2) 9.06 5.11 - - - - BLS O'Neill et al. (1991)
Prpioo 295(2) 117(1)  90(3) 177(1)  89(1) 9.08 5.10 - - - - BLS Leitner et al. (1980)
Prpioo 297(3) 108(2)  93(2) 1712)  94(2) 9.115 5125 4.13) 1.3(2) - - BLS  Sinogeikin & Bass (2000)
Prpioo 298(3) 107(2)  93(2) 1712)  94(2) - - - - —0.014(2) —0.009(1) BLS  Sinogeikin & Bass (2002)
Prpioo - - - 170(2)  93(1) 9.10(5) 5.12(3) 4.3(3) 1.5(2) - - Ul Gwanmesia et al. (2006)
Prpioo - - - 166.0(2) 92.2(1) 9.01 5.09 - - —0.0193(4) —0.0104(2) Ul Gwanmesia et al. (2007)
Prpioo - - - 171(2)  92(1) 9.07(5) 5.073) 5.3(4) 1.6(2) - - Ul Chen et al. (1999)
Prpioo - - - 172.0(16) 89.1(5) - - 4.38(8) 1.66(5) —0.018(2) —0.008(1) Ul Chantel et al. (2016)
Prpioo - - - 170.0(2) 93.2(1) - - 4.51(2) 1.51(2) —0.0170(1) —0.0107(1) Ul Zou, Irifune, et al. (2012)
Notes:

? Prp71.0Almi2.6Spso.7Grsz sUvri2.2,

® Prp73.1Almis3Adrs 1Spso.cUvrs o,

¢ Prp72.6Almi5.7Grso.sAdra3Spso.sUvre 1,
4 Prp72.6Almie0Grsi oAdrs 2Spso.sUvra,
¢ Prp70.4Almi6,0Grsi.sAdra.1Spso.oUvrs s,
f Prp72.6Almis 7Grso sAdra 3Spso 7Uvre 1,
& Prpss AlmosGrssSpsi;
& - refit the literature data by this study;

b _ Hydrous sample

Prp - pyrope; Alm - Almandine; Grs - grossular; Sps - spessartine; Uvr - uvarovite; Adr - andradite; BLS = Brillouin light scattering; UI = ultrasonic interferometry; RPR =
rectangular parallelepiped resonance. - means unavailable



Table S5. Elastic parameters of minerals used for density and velocity calculations

Formula p (g/em®)  Kso (GPa) (0Ks/OP)r (6°Ks/0P?)r 0Ks/oT (GPaK™) Go(GPa) (6G/oP)r (0°G/OPY)r o0G/oT (GPaK™) y  a(10°K™'") 6r(K) ReFerences

Prp1oo (Mg3AlL2S13012) 3.565(3) 171(1) 4.3(2) - —0.016(1) 92.3(9) 1.5(1) - —0.0092(7) 1.15  2.543(5) 320 1
Almjgo (Fe3Al2S13012) 4.3188(2) 174(1) 4.6(1) - —0.0267(7) 94.9(7)  1.06(6) - —0.0131(8) 1.22  1.85(1) 600 2
Grsi00 (CazAl2Si3012) 3.5949(1) 168.4(7) 4.9(1) - —0.0136(5) 108.9(4) 1.39(4) - —0.0128(2) 1.22  2.092) 512 3
Uvrioo (Ca3Cr2S13012) 3.8302(7) 162(2) 4.7(9) - —0.012(3) 92(1) 1.8(5) - —0.0128(2) 1.22  1.64(14) 473 4
Knrio0 (Mg3Cr2Si3012) 3.8930(8) 160(2) 4.6(9) - —0.012(3) 92(1) 1.8(5) - —0.0128(2) 1.34  2.89(6) 477 5
Foio0 (Mg25104) 3.2214(2) 129.8(9)  4.45(5) - —0.018(2) 77.8(5) 1.8(1) —0.10(2) —0.013(1) 1.14  2.666(9) 484 6
Faioo (Fe2Si04) 4.4020(7) 129.8(9) 4.45(5) - —0.018(2) 77.8(5) 1.8(1) —0.10(2) —0.013(1) 1.14  2.666(9) 484 7
Enioo (Mg2S1206) 3.2039(2)  113(1) 8.8(1) —0.68(6) —0.0263(3) 75.9(7) 2.9(1) —0.40(2) —0.0136(3) 0.88 2.591(18) 510 8
Fs100 (Fe2S120¢) 3.9985(3) 113(1) 8.8(1) —0.68(6) —0.0263(3) 75.9(7) 2.9(1) —0.40(2) —0.0136(3) 0.89 2.591(18) 510 9
MgTs100 (MgAISiAlOg) 3.4153(5) 113(1) 8.8(1) —0.68(6) —0.0263(3) 75.9(7) 2.9(1) —0.40(2) —0.0136(3) 0.88 2.591(18) 510 10
CrEnio0 (MgCrAISiOg) 3.679(2) 113(1) 8.8(1) —0.68(6) —0.0263(3) 75.9(7) 2.9(1) —0.40(2) —0.0136(3) 0.88 2.591(18) 510 11
Jdio0 (NaAlSi20e) 3.3287(7)  138(3) 3.9(1) - —0.012(1) 84(2) 1.09(4) - —0.011(1) 1.06  2.67(7) 343 12
Diioo (CaMgSi20s) 3.2787(4) 114.6(7) 5.4(4) —0.2(1) —0.012(1) 72.7(4) 1.9(2) —0.07(4) —0.011(1) 1.1 2.67(7) 343 13
Hdi0o (CaFeSi20¢) 3.6625(6) 116.6(8) 5.0(2) —0.12(4) —0.012(1) 69.8(7) 1.72(9) —0.05(2) —0.011(1) 1.1 2.67(7) 343 14
Kosi00 (NaCrSi206) 3.592(2) 138(3) 3.9(1) - —0.012(1) 84(2) 1.09(4) - —0.011(1) 1.06  2.67(7) 343 15
Cenioo (Mg2S1206) 3.2077(6) 114.6(7) 5.4(4) —0.2(1) —0.012(1) 72.7(4) 1.9(2) —0.07(4) —0.011(1) 1.1 2.67(7) 343 16
CaTs100 (CaAl2SiOg) 3.45 114.6(7) 5.4(4) —0.2(1) —0.012(1) 72.7(4) 1.9(2) —0.07(4) —0.011(1) 1.1 2.67(7) 343 17

Note: Due to the lack of end-member elastic parameters, 0Ks/0T of Uvrioo is converted from 0K7/0T obtained from Gréaux & Yamada (2019); 0G/0T of Uvrigo is assumed to be equal to that of Grsioo;
Go, (0G/0P)r and 0G/0T of Knrioo are assumed to be equal to that of Uvrigo, while 0Ks/0T and Ksp of Knr100 are converted from 0K7/0T and K1, respectively ; the elastic parameters except density of
San Carlos olivine (Angel et al., 2018; Mao et al., 2015; Zhang & Bass, 2016b) are used For Foigo and Fajoo; the elastic parameters Kso, (0Ks/OP)r, (0°Ks/OP?)r, Go (GPa), (6G/OP)r, and (6°G/0P?)r of
San Carlos orthopyroxene (Zhang & Bass, 2016a), 0Ks/0T and 0G/0T of Enioo (Jackson et al., 2007), a of Ca-, Fe-, Al-bearing orthopyroxene (Faccincani et al., 2021) are used for Enioo, Fsi00, CtEnioo
and MgTsi00; y of Enioo is used For Enioo, CrEnioo and MgTs100; the density of MgTsioo is Calculated using a linear interpolation of the densities of Enioo, Fsi00 and synthetic MgTs-rich orthopyroxene
(Xu et al., 2020; Xu et al., 2022), while the density of CrEn is calculated using p (CrEnio0)= p (Kosioo)+ p (MgTs100) — p (Jdi00); the elastic parameters Kso, (6Ks/OP)r, (0°Ks/OP*)r, Go (GPa), (0G/OP)r,
(0°G/oP?)r, 0Ks/0T, 0G/OT and y of diopside (Jeanloz & Thompson, 1983; Li & Neuville, 2010; Sang & Bass, 2014; Zhao et al., 1998) are used For Dijo, Cenioo and CaTsioo; the elastic parameters
Ko, (0Ks/OP)1, Go (GPa), (0G/OP)r and y of Jadeite (Hao et al., 2020), 0Ks/0T and 0G/0T of diopside (Li & Neuville, 2010) are used For Jdioo and Kosi0o; the elastic parameters Kso, (OKs/OP)r,
(0°Ks/oP?)r, Go (GPa), (0G/OP)r, (0°G/OP*)r of Fe-rich diopside (Fan et al., 2020), 0Ks/0T, 0G/0T and y of diopside are used For Hdigo. & of clinopyroxene (Faccincani et al., 2021) is used For All end-
member clinopyroxenes. Fo-Forsterite; Fa-fayalite; En-enstatite; Fs-Ferrosilite; MgTs-Mg-tschermakite; Di-diopside; Jd-jadeite; Kos-kosmochlor; CrEn-Cr-enstatite; Hd-hedenbergite; Cen-
clinoenstatite; CaTs-Ca-tschermakite; Prp-pyrope; Alm-Almandine; Grs-grossular; Uvr-uvarovite; Knr-knorringite. - means unavailable.

References: 1-(Chantel et al., 2016; Gwanmesia et al., 2006; Milani et al., 2015; Sinogeikin & Bass, 2000; Sinogeikin & Bass, 2002; Zhang et al., 1998; Zou, Gréaux, et al., 2012); 2-(Arimoto et al.,
2015; Milani et al., 2015; Soga, 1967); 3-(Bass, 1989; Gwanmesia et al., 2014; Isaak et al., 1992; Milani et al., 2017); 4-(Bass, 1986; Gréaux & Yamada, 2019; Klemme et al., 2005; Wang & Ji,
2001); 5-(Bass, 1986; Dymshits et al., 2014; Gréaux & Yamada, 2019; Klemme et al., 2005; Wang & Ji, 2001); 6-(Angel et al., 2018; Kroll et al., 2012; Mao et al., 2015; Zhang & Bass, 2016b); 7-
(Angel et al., 2018; Kroll et al., 2012; Mao et al., 2015; Zhang & Bass, 2016b); 8-(Faccincani et al., 2021; Jackson et al., 2007; Xu et al., 2018; Yang & Ghose, 1994; Zhang & Bass, 2016a); 9-
(Faccincani et al., 2021; Hugh-Jones, 1997; Jackson et al., 2007; Xu et al., 2020; Yang & Ghose, 1994; Zhang & Bass, 2016a); 10-(Faccincani et al., 2021; Jackson et al., 2007; Xu et al., 2022; Yang
& Ghose, 1994; Zhang & Bass, 2016a); 11-(Faccincani et al., 2021; Jackson et al., 2007; Ohashi, 1984; Yang & Ghose, 1994; Zhang & Bass, 2016a); 12-(Hao et al., 2020; Li & Neuville, 2010; Zhao
et al., 1997); 13- (Jeanloz & Thompson, 1983; Li & Neuville, 2010; Sang & Bass, 2014; Zhao et al., 1998); 14-(Fan et al., 2020; Jeanloz & Thompson, 1983; Li & Neuville, 2010; Tribaudino et al.,
2008); 15- (Cameron et al., 1973; Hao et al., 2020; Li & Neuville, 2010); 16-(Hugh-Jones, 1997; Jacobsen et al., 2010; Jeanloz & Thompson, 1983; Li & Neuville, 2010; Sang & Bass, 2014); 17-
(Jeanloz & Thompson, 1983; Li & Neuville, 2010; Ma et al., 2009; Sang & Bass, 2014; Zhao et al., 1998)



Table S6. Mineral proportions and compositions of the Archon (a), Proton (b) and Tecton (¢) as a function of pressure and temperature

Pressure  Temperatu Ol/Opx/Cpx/
(GPa) re (K) Gt (vol%) Ol Opx Cpx Gt
(a) Archon
3 1300 69.1/28.8/0.5 MgissFeor FogaaFa  MgiseFeo.11Cao.osNao.0o1Croo  Engs42Fsse0DigoKos14JdoMg  Mgo.oaFeo.06Cao.75Nao.13Croo  Digo.aJdssHdssCeniz.1Kos  MgzasFeo36Caos90Croas  Prp7s.o2Almiz.o0Grse 3o
/1.6 55104 7.6 2Al0.08S11.9506 Ts38CrEno g 4Al0.00S1206 42CaTso.1 Al 87S13012 Uvre.aoKnro
4 1300 69.3/26.5/0.5 MgissFeo1 FoossF MgisaFeo09Ca0.03Nao02Croo  Enoo21FsssDizoKososJdiMg  MgiFeoCao.99Nao.01CroAloSi  Diog.sJdo3sHdosCenosKoso.  Mgi.7sFeo.78Cao44Croa7  Prpso3AlmasGrsy.iUvry
/3.8 53104 a7.4s 1Al0.02S11.9906 Tso.6CrEng 206 3CaTso Al 735813012 3.6Knry
5 1300 69.2/27.1/0/3 MgissFeo1 FoossF MgigiFeo.1CaoosNao.02Croor  Eng7.s1Fss.09DissKos1.1Jdo.sM Mg>.17Fe0.390Ca043Cro24  Prp72.4Almi31Grsa7Uvr
6 55104 a7.65 Alo.02511.9906 gTs09CrEnog Al 7%6Si301 11sKnro
6 1300 69.3/26.9/0/3 MgissFeo1 Foo3Fa Mg gFeo1CaoosNaoo2Croor  Engs4FssgDis7KosooJdosMg Mgo.16Fe041Cao43Cro2s  Prp72Almiz sGrsi 7Uvr
9 55104 7.7 Alo.02S1206 Tso4CrEno Al 74813012 2.8Knro
7 1300 69.3/26.7/0/4 MgissFeo1 FooisFa MgissFeo09Cao04Nao2Croo  EngooiFsssDigsKoso7Jdi.iM Mgz .13Fe0.42Ca0.45Cro27  Prp71AlmisGrsisUvris,
A 53104 7.7 1Al0.01S1206 gTsoCrEng Al; 73813015 JKaro
3 1300 69.3/26.7/0/4 MgissFeo1  FoorosF  MgigsFeo09CaoosNaoo2Croo  Engo31Fss4DissKososJdi2M Mgz 12Fe0.44Ca0.45Cro2s  Prpro.6AlmissGrsooUvr
1 55104 a7.7s 1Alo.01S1206 gTsoCrEno Al 72813012 13.90Knro
3 1500 MgissFeo1  FooxsaF  Mgi7sFeo.11Cao06Nao.02Croo  Enzg6Fss ¢Dis3Kosi sJdoMgT
69.1/30.9/0/0 5S104 a7.66 3Al0.13S11.930¢6 s¢CrEn
4 1500 69.2/29.3/0/1 MgissFeonr  Foo2oF  MgizeFeo.11CaoosNao.02Croo  Enga7Fss3DisoKosi¢JdoMgT Mgz 33Fe034Cao34Cro2s  PrpreaAlmii2GrsoUvr
.6 55104 a771 2Al0.09S11.9606 s42CrEng 3 Al; 75813015 sKar
5 1500 69.3/27.9/0/2 MgissFeo1 FoonosF Mgi79Feo1CaoosNao.02Croor  Engs31Fss.09Dis s0Kos13Jdo4 Mg 32Fe034Ca034Croos  Prp7s7AlmiiaGrsoUvry
8 65104 a7.7s Alo.05Si1.9806 MgTs23CrEng Al; 74Si301 LoKary
6 1500 MgissFeo1  FooosF MgigiFeo.1CaoosNaoo2Croo1  Eng7.6Fs4.8Dis 3Kos0.8JdooMg Mgz 31Fe035Ca0.34Cro28  Prpr74.43Almi.60GrsoUv
69.3/27/0/3.7 69104 a7.75 Alp.02511.9906 Ts0.6CrEno Al 7Si3015 r11.30Knrs s
7 1500  09-3/26.8/0/3 MgisFeor FosaFa  MgisFeo0CaoosNaooCroo  EnssaFsasDisaKosoeldiiMg Mg> 20Fe036Ca035Cro20  PrprssAlmin 1GrsoUvri
9 65104 7.8 1Al0.0251206 Tso.3CrEno Al 71813012 1.5Knr2 8
8 1500 69.6/26.3/0/4 MgigoFeor  FoorasF MgiosFeo02Cao02Nao02CroA  Enos.aFsosDizKosoJd.sMgT Mg .98Fe044Cao.ssCross  Prpes.17AlmissiGrssUv
1 8S104 as.75 10.02S1206 soCrEng Al 67813012 r16.32Knro
(b) Proton
3 1300 68.4/18.6/6.5 MgisiFeor FogosFa Mgi73Feo.14Ca00sNaoo1Croo  Ensie2Fs7.090Di520K0s1.4JdoM  Mgo.oaFeo.07Cao.74Nao.12Cro0  Dis7.03Jds.190Hds99Ceniz 30 Mga1sFeo45CaoaCroia Prpr1.67Almis.02Grse.st
/6.5 95104 9.5 2Al0.08S11.9506 2Ts3.8CrEno g 4A10.09S1206 Kos4.1CaTso3 Al 86513012 Uvre.91Knry
4 1300 68.4/18.1/6.2 MgisiFeo1 FooosFa  MgirsFeo.13Ca0.0sNao.02Croo  EngsoFsesDis2KosisJdosMg  MgooaFeo.07Cao.76Nao.12Croo  Digo.03Jd7.490Hdss0Cenizso  Mga.12Fe0.47Ca0.4Cro16 Prp7o.sAlmissGrsssUvr
/7.3 95104 95 2Al0.05511.9806 Ts2.5CrEng 4Al0 08Si206 Kosa 1CaTso Al; 24Si3012 2, Knro
5 1300 68.4/17.7/6.1 MgisiFeo1 FoooasF  Mgi77Fe0.13Ca0.05Nao.02Croo  Engs21Fse29Dis.00Kos12Jdos  Mgo.oaFeo.0sCao.77Nao.11Croo  Dizo.7Jd7.6Hds.1Ceni1.7Kos Mg 11Feo.49CaosCros Prpro3AlmiesGrsasUvr
/7.7 95104 a9 55 1Al0.04511.9906 MgTs;.4CrEng 4A10.08S1206 35CaTso1 Al 53813015 0. sKnro
6 1300 68.5/17.5/5.9 MgisiFeor FooasF Mg 7sFeo12Cao0sNao02Croo  Enge siFsssoDisKososJdisMg  MgooaFeo06Cao79Nao.11Croo  Dizz9ld7sHds 6CenioaKos Mgz ooFeosCao41Cro9  Prpeo.ssAlmie 7sGrsasU
/8.1 95104 a9.55 1Al0.0251206 Tso.3CrEng 4Al0.08S1206 3.6CaTso Al 5183015 vro.30Knro
7 1300 68.4/17.5/5.8 MgisiFeor FogsaFa Mg 79Feo11CaoosNao02Croo  Eng7.11Fsse9Dis9Koso7JdieM  MgoosFeoosCaosNao.11Cro03  DizaeJd76Hds 2Ceng 2Koss.  Mgao7Feos1Cao42Cro19  PrpesoAlmi7.1Grsa3sUvr
/8.2 95104 9.6 1Al0.02S1206 gTsoCrEng Alo.08S1206 4CaTso Al 81813012 9.7Knryo
3 1300 68.4/17.5/5.8 MgigiFeo1 FogoaFa MgisFeo11Cao0sNao02Croo1  Eng7sFssaDissKosoeJdisMg  MgoosFeoosCaosNao.11Cro03  Dirs22Jd7.990HdsoCeng oK MgaosFeos3Cao42Cro2  Prpes3Almi7.8Grss oUvr
/8.3 95104 9.6 Alo.02S1206 TsoCrEno Alp.08S1206 0s32CaTso Al 8S13012 10Knro
3 1500 68.4/19.9/6.4 MgisiFeor FoosoF  MgiesFeo14Cao0sNao.02Croo  Enze22Fse.99Dis.00Kos16JdoM  Mgi 02Fe0.09Cao.64Nao.11Croo  Dis3 6JdsHdg sCenza2Koss.  Mga.19Fe039Cao42Cro1s  Prp72.87Almi3.01Grse 41
/5.3 95104 a9.61 3Al0.13S11.9306 gTs6.19CrEng9 3Al0.12S11.9806 4CaTs Al 85513012 Uvry.71Knro
4 1500 68.4/19/5.8/6 MgigiFeo1 Fooo3sF  Mgi71Feo.13Ca0.0sNao02Croo  EnzoFsesDisKosi 8JdooMgT  Mgio1Feo0sCaossNao.11Croo  DisosJdsoHdsCenzosKoss. Mgz 17Fe04CaoadaCros  Prp72.13AImi320Grss 6o
8 95104 9.66 2Al0.08511.9606 $3.8CrEng 3Al0.00S1206 2CaTso4 Al 82513012 Uvrs.goKnro
5 1500 68.5/18.8/5.4 MgisiFeor FogossF  Mgi73Feo.12Ca0.08Nao02Croo  Ensi.12Fse19DigooKosizJdi1r  MgioiFeoosCaogoNao.11Cro0  Digo.7Jds.1Hd75Cenzo3Kos  Mga.11Fe0.42Ca0.47Cro.19  Prpro3Almi4GrssUvro 7
/7.4 95104 a9.66 1Al0.06511.9806 MgTs22CrEng 3A10.09S1206 3CaTso.4 Al 5183015 Knro
6 1500 68.5/18.8/4.6 MgisiFeo1 FogosFa MgirsFeo12Cao0sNaoosCroo  Engs.iFsssDisKososJd2MgTs  MgogoFeo.07Ca072Nao.11Croo  Dies.sJds2HdssCenissKos Mgz osFeos2Caos3Cro2  Prpes27Almis 1 Grsyan
/8.1 95104 9.7 1Al0.0351206 03CrEno 3A10.0851206 29CaTso Al 8Si3012 Uvrio.21Knro
7 1500 68.5/18.7/4.6 MgisFeo19 Fooo20F  Mgi7sFeo.11Cao0sNao.o3Croo  EngssFsssDizoKoso7Jd2iMg  MgoosFeoo6Cao73Nao.11Cro0  Dig72Jds sHde1CenissKos  MgaosFeo44Caos3Cro21 Prpe7.73Almis.coGrs7.00
/8.2 Si04 a9.71 1Al0.0351206 Ts03CrEng 3Al0.09S1206 2.6CaTso Al179S13012 Uvrio.49Knro
g 1500 68.5/18.3/4.9 MgisiFeo2 FoooasF  MgiseFeo.11CaoosNao.o3Croo  EngsoaFss39Di7.80Koso6Jd22 Mgo.osFeoosCao7sNao.11Croo  Digo.1Jds1Hds 9CeniasKos Mgz .osFeo.46Caoa7Cro21 Prpeo2Almis2GrsaoUvr
/8.3 Si04 a9.75 1Al0.0251206 MgTsoCrEno 2Al0.08S1206 24CaTso Al179S13012 10.7Knro
(c) Tecton
3 1300 64/11.9/12.1/  MgisFeo2  FosoooF  Mgi.73Feo.15Ca0.0sNao.02Croo  Ensi.82Fs7.20Dis.00Ko0s1.7JdoM  Mgo.osFeo.07Cao.7sNao.12Cro0  Dig7.8JdosHde9CenizsKos  MgaoFeo4sCao36Croo9  Prpr32AlmisoGrs7sUvr
12 Si04 a10.01 2Al0.08511.9606 gTs4CrEng.1 3Alo.1S1206 2 9CaTso1 Al 91Si3015 +.4Knro
4 1300 64/11.6/11.8/  MgisFeo2  FoooosF  Mgi.7sFe0.14Cao.0sNao02Croo  Ens3.s2Fs6.79Dis00Kosi2Jdoo  MgoosFeo07Cao76Nao.12Cro0  DigoJdosHdesCeniaaKosa,  Mga17Fe047Cao37Cro1  Prpr22AlmiseGrs72Uvr
12.5 Si04 9,95 1A10.05511.9806 MgTs2.2CrEno 3Al0.1S1206 6CaTso Al19Si3012 sKnro
5 1300 64/11.4/11.7/  MgisFeo2 FosiFa Mgi77Feo13Ca0.0sNao02Croo  EnsseFsesDissKososJdiaMg  MgoosFeoo07Cao76Nao.12Croo  Dieo.13JdosoHde49Cenizo9  Mga13Feo40Cao3sCror  Prp71.1AlmicaGrszsUvr
12.8 Si04 9.9 1A10.03511.9906 Ts0.9CrEng 3Al0.1S1206 Kos>7CaTso Al19Si3012 s-Knrg
6 1300 64/12/10.9/1 MgisFeo2  Fooo.isF Mgi7sFeo.12Cao.0sNao.03Croo  EnsesFssDissKososJd2sMgT  Mgoo2Feo0sCao.7sNao.12Cro0  Diz1.73JdosoHdse0Cenio1e  MgaosFeos2CaosasCro1  PrpesszAlmi7.20Grse i
3.1 SiO4 9.85 1Al0.02S1206 soCrEng 3Al0.00S1206 Kos3CaTsg Al 6Si3012 Uvrs 21 Knrg
7 1300 64/11.6/11.4/  MgisFeo>  Fogo.isF Mgi7sFeo.12Ca0.0sNao.03Croo  Enses1FssgoDis7Ko0socJd2Mg  Mgo.92Feo.06Cao.7sNao.12Cro0 - Dizz1JdioHds 6CenioKos23  Mga.ooFeos3CaossCro.ir - Prpeo.cAlmi77Grs;Uvrs,
13.1 Si04 a9.85 1Al0.0251206 TsoCrEno »Al0.1S1206 CaTso Al; 29813015 -Knro
3 1300 64/11.6/11.3/  MgisFeo>  Fogo.1Fa Mgi9Feo.11Cao0sNao.03CroA  Eng73Fss¢DiscKosoaJd2iMg  Mgo.o2Feo0sCao.7sNao.12Cro0  Diza1Jdio2Hds 2Ceng3Kos Mgz osFeos4Cao3sCroi2 Prpeo33Almi7.9sGrse 79
13.1 SiO4 99 10.0281206 TsoCrEno 2Alo.1S1206 22CaTso Al 88513012 Uvrs.goKnro
3 1300 64/11.8/12.9/ MgisFeo2  FosoosF  MgiesFeo.15Cao.08Nao02Croo  Enz7.02Fs7.20Di7.79K0s1.6JdoM  Mgi.02Feo.00Cao.6sNao.12Cro.0  Disa2JdosHdo2Cenas sKos Mgz 19Fe0.4Cao41Cro1Al - Prp73.o7Almi331Grss.ai
11.3 SiO4 a10.07 2Al0.13811.940¢ gTs6.19CrEno.1 2Al0.12S11.9906 23CaTs1 19513012 Uvrs.oi1Knro
4 1300 64/11.5/12.4/  MgisFeo2  FosoosF  Mgi7Fe0.14Ca0.0sNao.02Croo1  Enzo4FseoDizgKosi2JdooMg  Mgio1Feo00Caos6Nao.12Cro0  Dis7JdosHdgsCenxz2Kosa.  Mga.1sFe0.41Cao41Cro.ir - Prp7a.sAlmiz sGrsgoUvr
12 Si04 a10.06 Alo.09S11.9606 Ts3.8CrEng »Alo 11S11 9906 1CaTso6 Al; 20Si3012 s.sKnro
5 1300 64.1/10.9/12. MgisFeo> FogoosF  Mgi72Fe0.13Ca0.08Nao.03Croo  EngioFss4Di77KosooJdisMg  Mgi.0sFeo0.0sCaossNao.11Croo  DissoJdooHds 4Cenzz sKos Mg 16Fe043Caoa1Cro12 Prp72.03Almisa39Grs7.eo
7/12.4 Si04 a10.06 1Al0.06511.9806 Ts2.1CrEng »Alo 11S11 9906 19CaTso s Al; 2sSi3012 Uvrs.soKnro
6 1300 64.1/11.3/11.  MgisFeo2  FosoosF  Mgi74Feo.12Ca0.0sNao03Croo  EnssFse.1Di77K0s05Jd2sMgT  MgiFeo.07Ca0.7Nao.12Cro.02Al - Dis2.6Jdo.sHd7.3CenissKos Mg 14aFe0.44Cao42Cro.i2 - Prp71.37Almi471Grsz.s1
6/13 SiO4 a10.06 1Al0.0351206 $02CrEng 0.15120¢ 1.8CaTso Al 8sSi3012 Uvre.11Knro
7 1300 64.1/11.4/11.  MgisFeo2 FosoosF  Mgi75Fe012Ca0.0sNao.03Croo  EnssaFsssDi77KososJd2sMg  MgiFeo.07Cao7Nao.12Cro.02Al - Digs 34Jdo soHds 70Cenis.is  Mga12Feoa6Caoa2Croi2 PrprosAlmis3Grs7oUvr
5/13.1 Si04 a10.06 1Al0.0351206 Tso.1CrEng 0.1S1206 Kos; sCaTso Al; 2sSi3012 ¢« Knro
3 1300 64/11.8/11/1 MgisFeo> FogogoF  Mgi.7sFeo.11Cao.0sNao.o3CroA  Engs.72Fss.50Di7.490K0s04Jd2s  Mgo.gsFeo.06Cao.73Nao.12Cro.0  Digs.13Jd1020Hds20Cenises  Mga.1Feo47Ca0.43Cro13 PrproAlmissGrss.Uvrs,
3.1 Si04 a10.11 10.03S1206 MgTsoCrEno 2Alp.1S1206 Kosi.6CaTso Al 87813012 4Knro

Notes: Ol-olivine; Opx-orthopyroxene; Cpx-clinopyroxene; Gt-garnet; Fo-Forsterite (Mg>Si0O4); Fa-fayalite (Fe2SiO4); En-enstatite (Mg2Si20s); Fs-Ferrosilite (Fe>Si20¢); MgTs-Mg-tschermakite (MgAISiAlOg); Di-diopside
(CaMgSi20¢); Jd-jadeite (NaAlSi»Os); Kos-kosmochlor (NaCrSi»Og); CrEn-Cr-enstatite (MgCrSiAlOs); Hd-hedenbergite (CaFeSi>Os); Cen-clinoenstatite (Mg2Si20¢); CaTs-Ca-tschermakite (CaAlSiAlOg); Prp-pyrope (Mg3AlxSi3012);
Alm-Almandine (Fe3AlxSi3012); Grs-grossular (CazAl>Si3012); Uvr-uvarovite (CazCr2Si3012); Knr-knorringite (Mg3;Cr2Si3012). - means unavailable.
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