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Supplementary Figures 

 
Supplementary Figure 1 Grains from the synthetic (clear) and Canyon Diablo 

(black) samples. Tick marks on the scale bar = 200 microns. 



 
Supplementary Figure 2 Radial distributions of SAED intensities. They match the 

profile of the XRD pattern and show the diffraction features attributed to “lonsdaleite.” a) 

Data generated from Fig. 1b. b) Data generated from Fig. 1c. The d-spacings attributed to 

lonsdaleite are indicated by vertical dotted lines and bold numbers. The positions of the 

peaks in the radial distributions (a, b) and XRD patterns (Fig. 1a) are similar but display 

small intensity differences. In particular, along <121> projection (b) the relative intensity 

of the 0.126-nm diffraction peak is strong and the 0.193-nm shoulder on the 0.206 peak is 

weak. The intensity differences are explained by differences in (1) the scattering 

efficiencies of electrons versus X-rays, (2) broadening of the X-ray and electron-

diffraction peaks, and (3) orientation. Radial distributions of intensities were generated 

from Figs 1b and c following the method described by
 
(ref. 1) and using the 

ProcessDiffraction software. The distributions were calibrated by assigning the second 

strongest peak to the d-value of 0.126 nm, which is the same for both diamond and 

“lonsdaleite.” 



 

Supplementary Figure 3 Evidence for Mechanism II from the synthetic sample. 

{113} twins from the synthetic sample (<121> projection) provide an explanation for the 

hexagonally arranged reflections and 0.216-nm spacings attributed to “lonsdaleite.” a) 

High-resolution STEM image. b) FFT calculated from a. Black arrows mark hexagonally 

arranged reflections absent in single-crystal diamond. c) Structure model across the 

{113} twins. 



 

Supplementary Figure 4 EELS data. a) Acquired from the whole area of Fig. 2c. b) 

Acquired from the whole area of Fig. 4a. c) Acquired from a piece of cubic diamond 

from Minas Gerais (Brazil). The carbon K edges of a and b are consistent with those of c. 

The broader peaks in a and b, relative to c, likely arise from the abundant defects in the 

analyzed region. The decrease in intensity of the peak around 305 eV following the 

second absolute band gap at 302 eV relative to pristine diamond results from the decrease 

in the ideal diamond lattice structure such as from defect state (ref. 2 and references 

therein). Reduction in intensity of the 305 eV peak in a and b relative to c (pristine 

diamond) is therefore attributed to the high density of defects and lack of long-range 

order. A power-law background was subtracted from beneath the C K edges. 



Supplementary Note 1 

Controversial diagnostic signatures of “lonsdaleite” 
The sp

3
 Raman bands between 1200-1400 cm

-1
 are not unique for “lonsdaleite,” 

but there is considerable overlap with those of graphite and diamond
3
. Although an sp

3
 

Raman band at 1324 cm
-1

 has been proposed
3
 as characteristic of “lonsdaleite,”, this band 

is broad with intensity orders of magnitude lower than that of diamond at 1332 cm
-1 

and 

thus cannot be unambiguously attributed to a pure phase containing only sp
3
-bonded 

carbon. Furthermore, the Raman band at 1324 cm
-1

 may also result from some carbon-

based impurity in the product of the shock experiment
3
. The carbon K edge EELS peaks 

at 310 and 330 eV have also been used to identify “lonsdaleite”
 4

, but these peaks also 

match those of diamond (see Supplementary Figure 4c). Furthermore, for “lonsdaleite” 

there should be discrete h0l reflections in <010> SAED projections, but they have not 

been observed
5
. Although features such as the 0.412-nm spacings on HRTEM images

4
 

and the reported distribution of reflections on FFTs
6-7

 have been attributed to 

“lonsdaleite,” they are inconsistent with its crystal structure. In addition, the reported hk0 

reflections in <001> SAED projections
6, 8-10 

and HRTEM images
5
 are not unique to 

“lonsdaleite” but also match those of graphite.  
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