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Introduction: High-pressure mineral phases are 

known to nucleate during and after large meteor im-

pacts [1, 2]. These phases are used to constrain the 

pressure and temperature conditions reached during 

impacts [3, 4], which can, in turn, be used to estimate 

properties of the impactor [2, 5-8]. However, the ef-

fects of kinetics and strain-rate on the formation and 

preservation of these high-pressure phases are relative-

ly unconstrained [5]. Consequently, some mineral as-

semblages indicate conflicting peak pressures [9], mul-

tiple dynamic events [10-11], and/or suggest that both 

compression and decompression stages of impact may 

be recorded [12]. In this work, we focus on albite, the 

Na-end member of the plagioclase feldspar series. With 

increasing shock pressures and temperatures, albite 

initially deforms, forms maskelynite and other high-

pressure polymorphs, e.g. lingunite, and eventually 

melts. Dissociation reactions forming jadeite 

(NaAlSi2O6) and calcium-ferrite type NaAlSi2O4 have 

been previously observed [13]. We use simultaneous 

rapid decompression and laser-heating in the Diamond 

Anvil Cell (DAC) combined with in situ X-ray diffrac-

tion to study strain-rate and kinetic effects in albite 

nucleation and growth.  

Figure 1. A waterfall plot of diffraction patterns from a 

typical laser heated decompression experiment on albite. 

The experimental run starts with an amorphous albite 

sample and nucleates jadeite and stishovite..  

Experimental Techniques: We completed a series of 

laser-heated rapid compression and decompression 

experiments on natural albite (NaAlSi3O8) from Amelia 

County, Va (Sigma-Aldrich) in order to study phase 

formations and their kinetics. The samples were 

compressed at room temperature to 30-50 GPa 

followed by decompression at rates between 0.08(1)-

0.90(1) GPa/s. We began laser-heating to temperatures 

between 1100-1700 K simultaneously with the 

decompression. X-ray diffraction images were captured 

every 1 second to determine phase behavior (Fig. 1).  

Figure 2. a. Temperature and b. phase fractionation plotted 

at the time they occur for an experimental run decompressed 

at 0.27(1) GPa/s. Errors on phase fractions are calculated to 

be smaller than the data points. White squares are stishovite, 

green squares are jadeite, black squares are platinum. 

Platinum appears to decrease with increasing time because 

it becomes a smaller percentage of the crystalline material. 

Rietveld analysis was performed on the integrated X-

ray diffraction data to determine the phase fraction of 

each crystalline phase (Fig. 2). Activation energies 

were calculated by fitting the curve of the growth be-

havior of jadeite based on methods from Lin et al., 

2017 [14]. The calculated activation energies provide a 

basis for comparison of behavior with rate. Video of a 

typical experiment is available on request. 

Results: During albite fast decompression 

experiments, jadeite and a SiO2 (coesite or stishovite) 

phase formed. Other high-pressure phases commonly 

observed in the pressure and temperature range 

achieved here are markedly absent.  The pressure at 
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which jadeite appeared was lower than the equilibrium 

nucleation pressure for all runs. The nucleation 

behavior through time was derived from the diffraction 

data. The jadeite and SiO2 phase ratio did not reach 

stoichiometric equilibrium for any run.   

Figure 3. Jadeite nucleation onset pressure plotted vs. de-

compression rate. Data points correspond to individual runs 

and are color coded by temperature. Red colors are lowest 

temperature and blue are highest. 

We observed that jadeite can form without a crys-

talline SiO2 phase as a result of low  temperatures. We 

also observed intermediate phases that would have 

produced little evidence of their occurrence if only the 

recovered sample was examined. We find temperature 

and decompression rate effects on the onset of nuclea-

tion of plagioclase phases (Fig. 3). The activation en-

ergy required for jadeite growth increases with increas-

ing decompression rate (Table 1).  

Table 1. Activation energies calculated for jadeite formation 

for each decompression run. The decompression experiments 

are organized by which SiO2 phase is formed during the run. 

Coe is coesite and Stv is stishovite. 

Discussion: These experiments have provided us in-

sight into some of the complex interactions that likely 

take place during natural events and are previously 

unexplored. Intermediate phases might occur that can 

alter nucleation paths and therefore imply different 

formation conditions. Low temperatures can prevent 

the formation of a crystalline SiO2 phase, therefore 

other phases in the mineral assemblage should be ex-

amined to rule out this possibility. 
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Decompression SiO2 Activation Error (+/-)

Rate (GPa/s) Phase  Energy (kJ/mol)

0.13 No SiO2 0.026 0.0011

0.13 Coe 1.33E-04 4.46E-06

0.6 Coe 0.0074 0.015

0.09 Stv 5.80E-04 2.59E-04

0.27 Stv 0.0014 3.38E-04

0.45 Stv 2.23 0.91
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