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its water content and the existing depth of metastable olivine

WANG Shu-Guang', LIU Ya-Jing’, NING Jie-Yuan®
1 Institute o f Earthquake Science, China Earthquake Administration ., Beijing 100036 ,China
2 Department of Geology and Geophysics, Woods Hole Oceanographic Institution,» Woods Hole, MA02543, USA
3 School of Earth and Space Sciences, Peking University, Beijing 100871, China

Abstract We investigate the relationship between water content and the parameters in the
growth kinetics of forsterite phase transformation, i. e., the pre-exponential factor and the
Helmhotz free energy of activation, by analyzing the growth parameters of forsterite separately
for water content varying {rom about 0. 08 to 0.5 per cent in weight. Results show that increase
of water content only decreases the Helmholtz free energy of activation for growth, while the pre-

exponential factor of classical growth rate equation has weak dependence on the water content and
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is nearly a constant, of which the value corresponds to an interphase boundary with the thickness

of one or a few layers of molecules. This fact is consistent with the observation of quench

experiments on olivine and rheological studies. Accordingly, taking this fact as a constraint, we

predict the survival depth of metastable forsterite with different water contents. The dynamic

phase boundary of forsterite changes from several kilometers below the equilibrium boundary of

forsterite phase transformation to almost the 660 km discontinuity. Different from forsterite,

mantle olivine has smaller metastability. Under a nominal dry condition, the dynamic phase

boundary of mantle olivine is 20 km shallower than that of forsterite. The current result agrees

that there might exist detectable extent of metastable olivine in subduction zones although it is

difficult to reach the 660-discontinuity.
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Table 1 Experimental condition and data used in the determination of growth rate parameters
LG FE E T/C ik P/GPa K S A 43 B () KREY/(m+s™h B3
Ni; SiOy 925 3.7 nominal dry 7.8X1079(5.5X1079~9,3X10"%) [7]
Ni; SiOy4 825 3.6 nominal dry 1.7X107°(1.3X10710~2,2X10"9) [7]
Niz SiOy 870 3.6 nominal dry 9.6X1079(5.8X 107 9~1.8X10"%) [7]
Niz SiOy 980 3.6 nominal dry 1.2X107%(4.0X1077~2,0X10"6) [7]
Mg, SiO, 1100 13.6 0.0720 (£0.0069) 2.6X1079(1.6 X107 9~3.7X10"9) [11]
Mg, SiO; 1050 13.9 0.0662 (0. 0069) LAX1079(7.8X10710~1,9X 10~9) [11]
Mg SiO, 1050 13.5 0.0732 (0. 0028) 2.2X10719(1, 3X10710~3,2X 10710) [11]
Mg, SiO; 1035 15.6 0.0729 (£0.0037) 2.1X1079(1.2X10 9~3.0X10"") [11]
Mg, SiO, 1000 13.7 0.0770 (£0.0045) 8.5X10719(5.0X10710~1.2X10"%) [11]
Mg, Si0O, 980 13.4 0. 0856 (£0.0093) 1.5X10710(9, 0X 10 ~2,1X101%) [11]
Mg, SiO, 930 15.3 0.0701 (£0.0055) 8.4X1071(5,0X107 1 ~1,2X1071) [11]
Mg, SiO, 890 15.8 0.0728 (£0.0044) 2.4X107 1M (1. 4X107 1 ~3,3X107 1) [11]
Mg, SiO, 850 14.5 0.1241 (£0.0188) 1.1X10 1 (6.5X10 12~1,5X10" 1) [11]
Mg, SiOy 900 15.2 0. 3884 (£0.0388) 7.0 (£4.9) X107 [12]
Mg, SiO; 810 14.2 0. 5000 (£0.0622) 2.4 (£1.6) X10°° [12]
Mg, SiO; 730 14.5 0.2063 (£0.0741) 3.1 (£2.0) X107 [12]
Mg, SiO, 900 15.1 0.3626 (£0.0615) 4.5 (£1.5) X10°° [12]
Mg, SiO, 830 14.3 0.2176 (£0.0677) 6.7 (£2.5) X101 [12]
Mg, SiO, 820 14.3 0.2907 (£0.0487) 6.5 (£2.1) X101 [12]
(MgFe),SiO, 900 18 nominal dry 1.8 (£0.6) X100 [21]
(MgFe),SiO, 1000 18 nominal dry 9.4 (+1.6) X100 [21]
(MgFe),SiO, 1100 18 nominal dry 2.7 (£0.5) X10 ¢ [21]
(MgFe);SiOy 700 18 0. 0289 (£0.0072) 2.3 (£0.6) X101 [20]
(MgFe);SiO, 900 18 0. 0289 (£0.0072) 1.6 (£0.6) X10° [20]
(MgFe);SiO, 1100 18 0. 0289 (£0.0072) 1.5 (4+0.3) X107 [20]
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(a) Best-fitting without any constraint; (b) Best-fitting with a theoretical constraint.

Growth rate data and their fitting lines

InY” is defined as Inky — AG,/RT and the activation volume is set as zero. Data sources used in best-fitting: green circles, Kubo et al. [117;
blue circles, Hosoya et al. [12); Other data: black circles, Kubo et al. ['8); black triangles, Brearley et al.!”; black squares, in situ
experiments of Kubo [?2)5 open diamonds, Liu et al. [?%); solid diamonds, Mosenfelder et al. [?!); pink diamonds, Diedrich et al. [2°); Red
star is the theoretical constraint point. Solid green line: fitting to the data of the forsterite with water content of 0. 08% in weight; solid
blue line: fitting to the data of the forsterite with water content of 0. 3% in weight; dashed blue line: fitting to the data of the forsterite
with water content of 0. 5% in weight; solid black line: fitting to the data of nominal dry olivine; dashed black line: fitting to the data of

the olivine with water content of 0. 0289% in weight.
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Table 2 Fitting of the pre-exponential factor and the Helmhotz free energy of activation

FE IR HOS R Inko BHE

JBE IR 2 IR 25 T AL RE AF. A fH

mes e K! kJ/mol
Mng’i()w KB Mg, SiO, 7K i B it NiL SO, Mg, SiOy KB it Mg, SO, 7K i B it NiLSIO)
I3 Hh 0. 08% SR 0.3% %N 0.08 % S 0.3%
V=0 7.652.6 3.644.4 8.9+5.7 366426 280440 319455
Ve =#H 6.5+3.0 4.645.0 — 337431 270446 —
Ve (FRG) 6.63.8 4.946.3 12.647.5 28040 231458 323473

R3 ERZBEZBNENMSE(EML KI/mol)

Table 3  Fitting results of the molar Helmhotz free energy of activation (Unit:kJ/mol)

Mg, SiO, 7K [ Mg, SiO, /K Mg, SiO, 7K [ (Mg, Fe),SiO, (Mg,Fe),SiO, 7K1

JF 58 0. 08% JRE A E0.3 % S8 0.5 % ST J 1 43 48 0. 0289 %
V=0 31444 27245 256414 30846 28346
V=% 28744 25145 233414 27846 25346
Ve (FREG) 23944 21045 188414 23446 20946
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Fig. 2 Refined values of Activation energy of the runs with quantitative water content measurements

The activation volume is set as zero. Green dots are from Kubo et al. "2/,

Blue dots are from Hosoya et al. [13],

Current data set could not describe the exact relationship between activation and water content.
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Fig.3 Forsterite and olivine transformations with different water contents in a cold slab

The temperature at 660 km of 873 K, the thermal gradient of 0. 6 K/km, and the vertical subduction speed of 12 cm/a are used in the

computation. The shadow areas enclosed by dashed lines (dot-dash line) and thin solid lines are present results, dot lines are {rom Hosoya

et al. ['¥), Dashed lines, dot-dash line. and solid lines respectively correspond to the activation volume as function of pressure, as constant,

and as zero (Table 3). Thick lines represent the parameters in use directly {rom the fittings to experimental data (Table 2). Green, cyan,

and blue are respectively those of forsterite with the water contents of 0. 5%, 0.3% and 0. 08% in weight. Pink and red lines relate to

olivine with water content of 0. 0289% in weight and nominal dry condition.
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