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Supplementary Table 1. Descriptions of target packages.

Heq X-ray Pinhole
Shot Laser Ablator (um) Sample (um) Window (um) source Substrate
89310  Omega-60 C[15]Au[1]CI[15] SiC[17] C[62] Cu w
26662  Omega-EP C[39] SiC[12.5] LiF[101.5] Cu Ta
27424  Omega-EP Cl[40] SiC[20] LiF[100.5] Cu w
26666  Omega-EP C[42] SiC[21] LiF[101] Cu Ta
27425  Omega-EP C[43] SiC[20] LiF[98.5] Cu w
27430  Omega-EP C[37] SiC[20] LiF[101.5] Cu w
96727  Omega-60 C[22]Au[1]CI16] SiC[12] C[60] Ge Pt
29131  Omega-EP C[14]Au[1]C[16.5] SiC[12] C[109] Cu Pt
29130 Omega-EP C[15]Au[1]C[12] SiC[16] C[105.5] Cu Pt
98948  Omega-60 C[17.5]Au[1]C[23.5] SiC[13] C[60] Ge Pt
96731  Omega-60 C[21]Au[1]C[21.5] SiC[10] C[60] Ge Pt
96728  Omega-60 C[18.5]Au[1]C[19.5] SiC[15] CI[55] Ge Pt
98953  Omega-60 C[20.5]Au[1]C[22.5] SiC[16] C[62] Ge Pt
98955  Omega-60 C[21]Au[1]C[24] SiC[14] C[57] Ge Pt
96735  Omega-60 C[21]Au[1]C[22.5] SiC[11] CI[55] Ge Pt
98954  Omega-60 C[16.5]Au[1]C[20] SiC[11.5] C[60] Ge Pt
89314  Omega-60 C[18.5]Au[1]C[19] SiC[10.5] C[63] Ge Pt
89315  Omega-60 C[15]Au[1]C[19.5] SiC[10] CI[60] Ge Pt
89316  Omega-60 C[16.5]Au[1]C[19.5] SiC[10] C[60] Ge Pt

Numbers in brackets are target dimensions in micrometers. A 1-um thick gold layer was used as a heat shield and deposited directly
onto the diamond ablator for high-stress shots (>400 GPa). The X-ray energies for Cu and Ge He, X-ray sources are 8.368 keV and

10.249 keV, respectively?.



Supplementary Table 2. d-spacings, densities, and phase assignments of ramp-compressed SiC

Shot Px (GPa) Ps (GPa)? di1 (A) dooz (A) dozz (A) dis (A) a(A) Density (g/cm®) Phase
89310 80(4) 64(4) 2.405(34) 2.060(30) 1.468(16)  1.243(9)  4.13(2) 3.78(5) B3
26662  140(5) 136(5) 2131(22)  1.844(19) i i 3.69(3) 5.30(13) B1
27424 178(7) 173(7) 2.098(24)  1.813(20) i i 3.63(3) 5.57(14) B1
26666  245(10) 239(10) 2.064(26)  1.782(16) i i 3.55(2) 5.96(10) B1
27425  303(21) 296(21) 2032(25) 1.749(19)  1.233(7) i 3.49(2) 6.27(11) B1
27430  371(11) 364(11) 1.988(21) 1.710(15)  1.223(7) - 3.43(2) 6.66(12) B1
96727  433(15)°C 424(15)P¢ - 1.636(19) i i 3.27(4) 7.62(28) B1
20131  470(16)° 462(16)° ; 1.668(16) i i 3.34(3) 7.15(19) B1
20130  521(16)° 513(16)° ; 1.669(11) i i 3.34(2) 7.15(13) B1
98048  558(20)" 549(20)° ; 1.646(19) i i 3.29(4) 7.48(27) B1
96731  611(20)° 602(20)° ; 1.627(21) i i 3.25(4) 7.76(29) B1
96728  621(20)° 611(20)" ; 1.611(22) i i 3.22(4) 7.98(30) B1
98953  764(30)" 754(30)° 1.863(31)  1.603(17) i i 3.21(3) 8.05(22) B1
98955  858(28)° 848(28)° 1.850(31)  1.594(18) i i 3.19(3) 8.21(23) B1
96735  875(36)° 865(36)° - 1.612(26) i i 3.22(5) 7.98(37) B1
98954  996(33)" 985(33)" 1.820(29)  1.585(26) i i 3.16(4) 8.44(32) B1
89314  1197(38)° 1185(38)" ) 1.512(19) i i 3.02(4) 9.67(38) B1
89315  1436(45)° 1423(45)°  1.724(24)  1.492(22) i i 2.98(3) 10.07(30) B1
89316  1507(64)° 1495(64)°  1.742(26)  1.502(16) ! i 3.01(3) 9.77(29) B1

Numbers in parenthesis are one-standard deviation uncertainty in the last digit(s). Px is the measured longitudinal stress. #The pressure

along the isentrope, Ps, is calculated assuming Y and y, are 20 GPa and 1, respectively. PTargets with diamond windows have an

additional potential +50 GPa uncertainty due to diamond strength uncertainty (see Materials and Methods). °Shot 96727 at 433 GPa

yielded anomalous results and was excluded from equation of state fitting. Specifically, the observed d-spacing was 1.636(19) A,

corresponding to a density of 7.62(28) g/cm?. This is inconsistent with the trend shown in Fig. 523. Notably, the d-spacing (~1.73 A)

of the diamond peak recorded in this shot is also relatively low, which would be consistent with a stress above 600 GPa. Thus, the
stress in this shot is possibly underestimated for unknown reasons.



Supplementary Table 3. Experimental and theoretical equations of state for B1 SiC.

Experiment
Vv, (R%) K, (GPa) K} EOS, method References
66.3 (fixed) 286(20) 3.83(16) BM (lIsentrope)? This work
66.3 (fixed) 265(26) 4.4(3) Vinet (Isentrope)? This work
66.3(1) 323(3) 3.1(4) BM, XRD Ref.3
66.3(14) 324(2) 3.3(5) Vinet, XRD Ref.3
67.5(4) 235(9) 4 BM, XRD Ref.?
Computation
65.9 252.3 4.26 Vinet, DFT (LDA) Ref 4
- 240.0 3.63 BM, ab initio Ref.5
62.6 278.4 2.61 BM, DFT (LDA) Ref.®
62.6 266.6 4.64 BM, DFT (GGA) Ref.”
67.2 266 3.79 BM, DFT Ref.8
66.9 249 4.08 BM, DFT (PBE) Ref.®
65.9 259.3 4.06 BM, DFT(PBEsol) Ref.9
67.4 256.9 3.95 BM, DFT (GGA) Ref.?
64.4 270.8 4.03 BM, DFT (LDA) Ref.2
66.9 242 4 BM, DFT (GGA) Ref.10
65.9 261.1 4.81 BM,DFT (B3LYP) Ref 1!
66.9 243.3 4.30 BM, (PBE) Ref.1t

aThe equation of state along the isentrope is calculated assuming Y and y, are 20 GPa and 1,
respectively. BM = Birch-Murnaghan EOS, Vinet= Vinet EOS, DFT=density functional theory.
LDA, GGA,PBE, PBEsol, and B3LYP designate the names of the exchange-correlation functional
used in theoretical calculations.

Supplementary Table 4. Thermodynamic parameters and Taylor-Quinney coefficient of SiC
used for the energy and temperature calculations.

Yo q Y Vo Op frQ Etr
(GPa) (A3) (K) (MJ/kg)
0.5-2 1* 5-20 66.3° 1200° 1* 3.38¢

vo, Vo, are the ambient Griineisen parameter, specific volume for B1-SiC. q is the logarithmic
volume dependence of y. Y is the yield strength, 0o is the Debye temperature of B1-SiC and frq is
the Taylor-Quinney coefficient.

“Parameters are fixed.

aRef.12 bRef .3, °Ref 4.
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Supplementary Figure 1. X-ray diffraction patterns as a function of stress. Each panel
shows a portion of the image plate projection for a given shot, with stress decreasing from top to
bottom and left to right. Vertical yellow dotted lines indicate diffraction from pinhole substrate.
Green ellipses mark single-crystal diffraction spots from the diamond or LiF. 1-D integrated



diffraction patterns are shown at bottom with B1 and B3 SiC highlighted in red and blue,
respectively.
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Supplementary Figure 2. Example of image plates from shot s89314 (1197 GPa) after
background subtraction. Red arrows indicate diffraction feature from B1 SiC. The green
ellipses mark Bragg peaks or Laue spots from the diamond single crystal. The yellow dashed
curves correspond to diffraction from the Pt pinhole.
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Supplementary Figure 3. Measured densities and compression under ramp loading for
candidate planetary mantle constituents at extreme conditions. Gray curve and dashed line
indicate two different initial densities of diamond under ramp compression measured at the
continuum level*314, Circle symbols show studies reporting in-situ X-ray diffraction data®>’. Our
data for SiC are the highest-compression diffraction data yet reported under ramp compression.
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Supplementary Figure 4. Left: Scanning electron microscope image of cold-pressed SiC
powder used in ramp-compression experiments. Right: The pore space is identified and shown
as dark color using the method in ref.'8, The estimated porosity is ~1.6%.



Omega-EP

L g |
o3 (d) -
— - 6 LiF window samples -
o -1 Diamond window samples $27430 -
- 44 — $29130 — 527425 »
529131 — 526666
:’ - b — 827424 .
2 - § o
g
- 0.1 =
5 E I E
@ C ¢ : -
- L 44 I L
- 24 L
- 16 (e) -
F 14 3
R C 125 —
N - ] -
E C 10 —
Z E 8 -
3 C R -
° 6 -
E 43 2
E 2] -
04 C
F 500 - -
g 400 -
G 1000 3 = C
2 C 300 -
o e :
. 200 o
E 100 -
E o r
Time (ns) Time (ns)

Supplementary Figure 5. Summary of laser power, free-surface velocity and interface
velocity, and sample stress. Stress history for SiC ramp-compression experiments at Omega-
60 (left) and Omega-EP (right). (a,d) Laser pulse shapes (b,e) Diamond free-surface velocity
and sample-LiF interface velocity traces. (c,f) Sample stress/pressure histories as a function of
time. Vertical tick marks indicate X-ray probe time. Traces are offset in time for clarity. Tick
marks on the x axis correspond to 2 ns.
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Supplementary Figure 6. Energy along the Hugoniot, ramp and principal isentropic paths
as a function of stress. The Hugoniot data'?%20 are shown as gray symbols. The red and dark
blue bands represent the stress-energy paths along the Hugoniot and principal isentrope,
respectively. The black curve and light blue band indicates the stress and energy paths under
ramp loading including the sum of energies from the initial shock wave in the sample accounting
for porosity, deviatoric stress, the plastic working heating, and B3-to-B1 phase transformation
energy. The black curve used for ramp temperature calculation (Supplementary Figure 7) was
obtained assuming Y = 20 GPa and yo = 1. The thermodynamic parameters used are listed in
Supplementary Table 5. The large uncertainty in the ramp energy is due to the wide range of
plausible strength and thermodynamic parameters of B1 SiC at ultrahigh pressures. Better
constraints on these quantities from experiment and theory are needed.
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Supplementary Figure 7. SiC phase diagram with phase boundaries®, Hugoniot, predicted
thermodynamic paths and stress-temperature conditions for a ten-Earth-mass rocky
planet. The blue curve indicates the stress and temperature paths along the principal isentrope.
The light-blue curve and dashed curve show the path taken for an initial shock (~52 GPa)
followed by isentropic compression of B3 (52-100 GPa) and the estimated ramp paths of B1
(above 100 GPa) assuming Y and yo are 20 GPa and 1, respectively, corresponding to the stress-
energy path shown as the black curve in the Supplementary Figure 6. The dotted and dashed
curves represent the stress and temperature along the Hugoniot of B3 with porosity (2%) and full
density respectively. Stress-temperature range for a 10-Earth-mass rocky exoplanet are shown as
the gray band?'22,
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