


 


 β   γ 





     



 














     

∼




⋅⋅⋅

   
    




 
∇ρ

      













    β 


∼∼
    
∼

×







⋅⋅⋅
⋅⋅⋅

⋅⋅⋅⋅⋅⋅

⋅⋅⋅
⋅⋅⋅
∼
⋅⋅⋅





















    
   ⋅⋅⋅
   















∼




  



⋅⋅⋅







β


°
       




    






     












°
μ

∼°







∼

°  
μ




°
∼

∼°
∼










μ





       




∼




∼
∼∼


°θ








 































  
μ





    



          
  


    


  
 

 


ξξ

ν     ν   
×
ξ





 


  


 

εν

ε      ν  



TABLE 1. Hydrous wadsleyite synthesis conditions, estimated water contents from FTIR, cell parameters, and data collection parameters
Experiment no. WS3056 WZ304 WH833 WH2082 WZ292 WZ336
P-T Conditions 18 GPa, 2100 °C 17 GPa, 1400 °C  16 GPa, 1200 °C 16 GPa, 1300 °C 16 GPa, 1400 °C 16 GPa, 1400 °C
ppm wt. H2O* ∼50 ∼150 ∼3200 ∼6000 ∼9600 ∼10 600
Products† β + maj β + AnB β β β + E + cpx β + E + cpx
Cell Parameters
a (Å) 5.7002(2) 5.6998(2) 5.6941(2) 5.6881(3) 5.6890(4) 5.6900(2)
b (Å) 11.4385(2) 11.4383(3) 11.4597(3) 11.4868(3) 11.4830(4) 11.4778(3)
c (Å) 8.2587(2) 8.2573(2) 8.2556(2) 8.2508(2) 8.2527(4) 8.2529(3)
β (º) 90.004(2) 90.003(2) 90.002(3) 90.055(3) 90.085(4) 90.125(3)
V (Å3) 538.46(2) 538.34(3) 538.70(3) 539.08(3) 539.13(4) 538.98(3)
<FWHM>† in ω 0.120° 0.08° 0.05° 0.06° 0.05° 0.08°
Intensity Data (Imma) 
(h ± 9, k ± 18, l + 13) 
º2θ max  70° 70°  70°
No. refl .  2480 2490  2590
No. unique refl .  662 665  666
Unique with Fo > 4σ(Fo)  495 556  499
Rint (merging R)  0.046 0.042  0.041
R(F)  0.018 0.017  0.021
R(F2) all data  0.043 0.043  0.051
* Estimated from averaged unpolarized-FTIR spectra using the calibration of Paterson (1982).
† β = hydrous wadsleyite (β-Mg2–xH2xSiO4); E = phase E (Mg2.08Si1.16H3.2O6); cpx = clinopyroxene (MgSiO3); AnB = anhydrous phase B (Mg14Si5O24);  maj = majorite 
(MgSiO3). All experiments contained fi ne-grained quench glass.
‡ Average full-width at half-maximum for the fi nal omega scan.

TABLE 2.  Crystal structures of hydrous wadsleyite (β-Mg2SiO4 in 
Imma) containing ∼150 wt ppm H2O (WZ304; fi rst line), 3200 
wt ppm (H833; second line), and 9600 wt ppm (WZ292; third 
line) from single-crystal X-ray diff raction data 

Atom x y z
Mg1 0 0 0
 0 0 0
 0 0 0
   
Mg2 0 0.25 0.97029(9)
 0 0.25 0.97035(7)
 0 0.25 0.97013(10)
   
Mg3 0.25 0.12748(5) 0.25
 0.25 0.12650(3) 0.25
 0.25 0.12516(6) 0.25
   
Si 0 0.11978(3) 0.61685(4)
 0 0.12011(2) 0.61651(3)
 0 0.12033(3) 0.61619(4)
   
O1 0 0.25 0.21689(17)
 0 0.25 0.21848(14)
 0 0.25 0.21995(19)
   
O2 0 0.25 0.71691(17)
 0 0.25 0.71663(13)
 0 0.25 0.71649(17)
   
O3 0 0.98983(9) 0.25540(12)
 0 0.98934(7) 0.25571(9)
 0 0.98863(10) 0.25578(12)
   
O4 0.26133(13) 0.12261(6) 0.99250(8)
 0.26098(11) 0.12288(4) 0.99297(6)
 0.26092(14) 0.12317(7) 0.99359(8)


















        


∼σ
∼
∼






    
    



  



×








σ
∼β
°




  

∼
∼∼
β°
°°
⋅⋅⋅










TABLE 3.  Anisotropic displacement parameters for hydrous wadsleyite (β-Mg2SiO4 in Imma) containing ∼150 wt ppm H2O (WZ304; fi rst line), 
3200 wt ppm (H833; second line), and 9600 wt ppm (WZ292; third line) from single-crystal X-ray diff raction data

Atom U11 U22 U33 U12 U13 U23 Ueq

Mg1 0.0047(5) 0.0036(3) 0.0049(3) 0 0 –0.00038(19) 0.00440(18)
 0.0068(3) 0.0049(2) 0.0077(2) 0 0 0.00015(15) 0.00647(14)
 0.0093(5) 0.0049(3) 0.0099(3) 0 0 0.0009(2) 0.00804(19)
       
Mg2 0.0052(4) 0.0040(3) 0.0039(3) 0 0 0 0.00437(14)
 0.0064(3) 0.0048(2) 0.0052(2) 0 0 0 0.00547(13)
 0.0073(4) 0.0048(3) 0.0054(3) 0 0 0 0.00584(15)
       
Mg3 0.0042(3) 0.0044(2) 0.0056(2) 0 –0.00087(14) 0 0.00470(11)
 0.0050(2) 0.0064(2) 0.0057(2) 0 –0.00072(11) 0 0.00571(13)
 0.0054(3) 0.0084(3) 0.0060(3) 0 –0.00077(16) 0 0.00660(17)
       
Si 0.00302(14) 0.00288(14) 0.00324(14) 0 0 0.00018(12) 0.00305(8)
 0.00348(14) 0.00373(13) 0.00379(13) 0 0 0.00003(8) 0.00367(9)
 0.00479(16) 0.00470(15) 0.00432(15) 0 0 –0.00017(12) 0.00460(10)
       
O1 0.0044(6) 0.0040(6) 0.0048(5) 0 0 0 0.00441(24)
 0.0048(5) 0.0064(4) 0.0068(4) 0 0 0 0.00600(20)
 0.0051(6) 0.0084(6) 0.0076(5) 0 0 0 0.00702(26)
       
O2 0.0066(7) 0.0032(5) 0.0043(5) 0 0 0 0.00473(25)
 0.0077(5) 0.0042(4) 0.0044(4) 0 0 0 0.00541(19)
 0.0085(7) 0.0061(6) 0.0040(5) 0 0 0 0.00622(26)
       
O3 0.0057(6) 0.0049(4) 0.0046(4) 0 0 0.0011(3) 0.00504(21)
 0.0068(4) 0.0055(3) 0.0050(3) 0 0 0.0011(2) 0.00579(16)
 0.0068(6) 0.0074(4) 0.0058(4) 0 0 0.0007(3) 0.00663(22)
       
O4 0.0045(4) 0.0049(3) 0.0048(3) 0.0000(4) 0.00080(19) 0.0001(2) 0.00473(14)
 0.0049(3) 0.0060(2) 0.0058(2) 0.0000(2) 0.00087(14) 0.0001(2) 0.00559(13)
 0.0056(3) 0.0067(3) 0.0062(3) 0.0003(3) 0.00071(19) 0.0003(2) 0.00615(14)
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TABLE 4.  Variation of the M-site occupancies and interatomic dis-
tances R(M-O) and R(O-O) with water content in hydrous 
wadsleyite*

 WZ304 H833 WZ292 
ppm wt H2O ∼150 ∼3200 ∼9600
M1    
Occupancy 1.020(4) 1.020(4) 1.028(4) 
Mg1-O3 (2×) 2.112 Å 2.115 Å 2.115 Å 
Mg1-O4 (4×) 2.047 2.048 2.051 
Average Mg1-O 2.069 2.070 2.072 
    ΔR(O-O) Å
O3-O4a (4×) 2.840 2.842 2.844 0.004 longer
O3-O4b (4×) 3.039 3.042 3.045 0.006 longer
O4-O4a (2×) 2.979 2.972 2.969 0.010 shorter
O4-O4b (2×) 2.808 2.819 2.831 0.023 longer
Average O-O 2.924 2.927 2.930 0.006 longer
Polyhedral vol. 11.72 Å3 11.75 Å3 11.79 Å3 

    
M2    
Occupancy 1.016(4) 1.020(4) 1.024(4) 
Mg2-O1 (1×) 2.036 Å 2.049 Å 2.062 
Mg2-O2 (1×) 2.092 2.095 2.093 
Mg2-O4 (4×) 2.092 2.089 2.089 
Average Mg2-O 2.083 2.083 2.085 
    ΔR(O-O) Å
O1-O4 (4×) 2.788 2.792 2.795 0.007 longer
O2-O4 (4×) 3.086 3.088 3.091 0.004 longer
O4-O4a (2×) 2.979 2.972 2.969 0.010 shorter
O4-O4b (2×) 2.914 2.914 2.913 unchanged
Average O-O 2.940 2.941 2.942 unchanged
Polyhedral vol. 11.95 Å3 11.96 11.98 
    
M3    
Occupancy 1.000(4) 0.956(4) 0.928(4) 
Mg1-O1 (2×) 2.017 Å 2.024 2.035 
Mg1-O3 (2×) 2.124 2.121 2.117 
Mg1-O4 (2×) 2.128 2.123 2.117 
Average Mg3-O 2.0897 2.0895 2.0896 
    ΔR(O-O) Å
O1-O1 (1×) 2.902 Å 2.894 2.887 0.015 shorter
O3-O3 (1×) 2.851 2.849 2.846 0.005 shorter
O1-O3 (2×) 2.993 3.003 3.016 0.023 longer
O1-O4a (2×) 2.788 2.792 2.795 0.007 longer
O1-O4b (2×) 3.120 3.106 3.092 0.028 shorter
O3-O4a (2×) 3.039 3.042 3.045 0.006 longer
O3-O4b (2×) 2.914 2.915 2.918 0.004 longer
Average O-O 2.9551 2.9550 2.9555 
Polyhedral vol. 12.05 Å3 12.06 12.07 
* One standard deviation is 0.001 Å for R(M-O) and 0.002 Å for R(O-O) and 
ΔR(O-O).
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TABLE 5.  Estimated bulk concentration of H in wadsleyite (in wt ppm H2O) and as a function of the crystal orientation
Sample Water content* Water content† Water content†  Water content† Total water content‡
 3670-3130 cm–1 E // [100] E // [010] E // [001]
 wt ppm H2O wt ppm H2O wt ppm H2O wt ppm H2O wt ppm H2O

Using the calibration of Paterson (1982)
WZ304 136 ± 34 27 ± 10 32 ±13 64 ± 22 123 ± 45
WH833 2235 ± 245 500 ± 86 846 ± 121 1450 ± 52 2796 ± 259
WZ292§ > 4624 ± 2000 > 874 ± 449 > 1733 ± 230 > 2400 ± 887 > 5007 ± 1566

Using the calibration of Libowitzky and Rossman (1997)
WZ304 – 59 ± 27 50 ± 5 71 ± 3 179 ± 57
WH833 – 757 ± 65 1410 ± 45 1579 ± 26 3747 ± 137
WZ292§ – > 1367 ± 290 > 2674 ± 79 > 4333 ± 650 > 8373 ± 1019
* Obtained from the calibration of Paterson (1982) for unpolarized IR radiation using the average of several spectra taken from each crystal. 
† Obtained from polarized IR using the average spectra of several taken from each direction.
‡ Sum of the water content from each crystallographic direction.
§ Maximum absorbance could not be resolved so the (>) symbol is used to indicate that these are minimum wt ppm values.
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TABLE 6.  Estimated concentration of H in wadsleyite as a function 
of crystal orientation and frequency

Sample Orientation Group 1 Group 2 Group 3
  3670-3550 cm–1 3550-3130 cm–1 3130-2800 cm–1

  wt ppm H2O wt ppm H2O wt ppm H2O
WZ304   
 E// [100] 18 ± 3 23 ± 4 –
 [010] 6 ± 1 25 ± 4 –
 [001] 20 ± 4 40 ± 4 –
WH833   
 E// [100] 76 ± 22 486 ± 59 39 ± 16
 [010] 320 ± 41 586 ± 81 –
 [001] 405 ± 53 1066 ± 95 –
WZ292   
 E// [100] 98 ± 21 588 ± 79 58 ± 26
 [010] 460 ± 55 1294 ± 205 –
 [001] 509 ± 75 2607± 425 –









⋅⋅⋅









    

⋅⋅⋅
⋅⋅⋅⋅⋅⋅⋅⋅⋅
⋅⋅⋅
∼




⋅⋅⋅
⋅⋅⋅


⋅⋅⋅



⋅⋅⋅













 

⋅⋅⋅      
       









⋅⋅⋅⋅⋅⋅


⋅⋅⋅⋅⋅⋅



 
⋅⋅⋅⋅⋅⋅
⋅⋅⋅⋅⋅⋅
⋅⋅⋅
    
⋅⋅⋅



⋅⋅⋅


⋅⋅⋅

⋅⋅⋅
±
⋅⋅⋅



 



⋅⋅⋅

⋅⋅⋅




       


  











⋅⋅⋅


⋅⋅⋅







⋅⋅⋅

⋅⋅⋅



⋅⋅⋅


⋅⋅⋅




       




   


       



    





















β














   







β



β






     
   


   



      








α
βγ


 
β




β≤≤


  



⋅⋅⋅



      


     



β




     
     
−1459.

β



−

      
     
β


β








