American Mineralogist: June 2020 Deposit AM-20-67316

Doucet et al.: Water in Tok

Supplementary data 3

Equations and models

Water diffusion in minerals

We apply the diffusion equation of Shewnon (1983) to model the H diffusion in olivine,
following the method of Peslier et al. (2008). The diffusion coefficient of hydrogen in opx and
olivine, assuming isotropic diffusion along the E//a, E// B and E/ly direction of the optical
indicatrix. The diffusion parameter for opx are 10*m?/s at 900°C, 10**m?/s at 1000°C and
10*?m?/s at 1000°C ; The diffusion parameter for olivine are 0.5x10*?m?/s at 900°C, 0.5x10-
Im?/s at 1000°C and 0.5x10m?/s at 1000°C (see compilation by Tian et al., 2017 and
references therein) ; R = the gas constant (0.00831451 kJ K** mol?*) and T = the
temperature (K). The diffusion modelling of H loss is based on 1-dimension diffusion
equations for a sample of finite size surrounded by an infinite medium containing no H

(Shewmon, 1983):
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where C =the hydrogen concentration at the grain edge (M), Co =the maximum initial
concentration of hydrogen (M), X = the distance from the olivine edge (m), D = the diffusion
coefficient of hydrogen, assumed to be independent of hydrogen concentration (m?/s), and h
= the width of the diffusion profile from olivine edge to the other edge (m).

The calculation was done for the first eight terms and started converging after five iterations.
For each olivine profile, we calculated two H diffusion profiles in 2 perpendicular directions
(pairs of a, B and y): first using water contents calculated using the absorbance of olivine
core (i.e. Co = absorbance measured) and then assuming that the initial water content was

20% higher than that measured in the core (i.e. Co = absorbance measured + 20%).

Partition coefficient between pyroxene and melt
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We apply the equation O'Leary et al. (2010) to calculate the partition coefficient between

opx and cpx with melt:

Db /MElt = exp (=5.66+8.4 x [VAIl ) +10 x [Calopy )
DM = exp (=5 + 6.3 x [1Vall opx — 12 X [Cal cpx+ 1600/7)

Note that temperature is in Kelvin.
We apply the method of Liang et al. (2013) to calculate the theoretical partition coefficient of

REE between opx and cpx using the spreadsheet provided in the supplementary data to

calculate D2/ P (https://doi.org/10.1016/.gca.2012.10.035).

Cpx/Opx __ BrEE
Dgeg = exp T — Apgg

Where A and B are coefficient determined through pyroxene-melt partitioning experiments.

Water behavior during partial melting

We used melting equations of Shaw (1970):
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Non-modal fractional melting [5]: Cyes = 1C_—°F (1 - %);

where Cres is the concentration in the residue (M), Co is the concentration in the source (M),
D is the initial bulk partition coefficient of water, P is the bulk partition coefficient for the
proportion of minerals entering the meltand F is the melt fraction.

The modal composition of the source and the proportion of mineral entering the melt are
from Johnson et al. (1990) and correspond to the partial melting in the garnet stability field
of a fertile peridotite. We chose the mineral/melt water partition coefficients at 3 GPa

determined by Tenner et al. (2009), which are close to the starting pressure of melting that

initially formed the Tok cratonic mantle (i.e. <3 GPa (lonov et al., 2005).

The viscosity of olivine aggregate
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The effective viscosity (nerr) is defined as the ratio of the shear stress 1 to the shear strain

rate € (in s?):

[5] Nesr ==

&€

where (é) for an olivine aggregate is estimated using the equation of (Li et al., 2008):

. Q+PV,
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The parameters used for wet dislocation creep are Acre = 90 MPa ™) s with a stress

exponent derived from linear fit of experimental stress dependence on strain rate ni1 = 3.5,
the water fugacity exponent r = 1.2, the shear stress 7= 0.3 MPa, the activation energy Q =

480 kJ.mol*, the activation volume Vere = 1.06 X 10° m3.mol?; P, T and R are respectively
the pressure (in kPa), temperature (in K), and the gas constant (8.314 J.mol*.K); Con is
the water content in H per 10° Si. The water content (in ppm H20) was calculated using a

SiO2 content of 41.2 wt. %, which is the average SiOz content of olivine in this study.

References

Ionov, D.A,, Prikhodko, V.S., Bodinier, J.-L., Sobolev, A.V., Weis, D., 2005. Lithospheric mantle
beneath the south-eastern Siberian craton: petrology of peridotite xenoliths in basalts
from the Tokinsky Stanovik. Contribution to Mineralogy and Petrology, 149(6): 647-
665.

Johnson, K.T.M., Dick, H.J.B., Shimizu, N., 1990. Melting in the oceanic upper mantle: An ion
probe study of diopsides in abyssal peridotites. ]. Geophys. Res., 95(B3): 2661-2678.

Lange, R, Carmichael, .S., 1990. Thermodynamic properties of silicate liquids with emphasis on
density, thermal expansion and compressibility. Reviews in Mineralogy and
Geochemistry, 24(1): 25-64.

Li, Z.-X.A,, Lee, C.-T.A., Peslier, A.H., Lenardic, A., Mackwell, S.]., 2008. Water contents in mantle
xenoliths from the Colorado Plateau and vicinity: Implications for the mantle rheology
and hydration-induced thinning of continental lithosphere. ]. Geophys. Res., 113:
B09210, doi:10.1029/2007]B005540.

Liang, Y., Sun, C, Yao, L., 2013. A REE-in-two-pyroxene thermometer for mafic and ultramafic
rocks. Geochimica et Cosmochimica Acta, 102: 246-260.

O'Leary, ].A., Gaetani, G.A., Hauri, E.H., 2010. The effect of tetrahedral Al3+ on the partitioning of
water between clinopyroxene and silicate melt. Earth Planet. Sci. Lett.,, 297(1-2): 111-
120.

Peslier, A.H., Woodland, A.B., Wolff,].A., 2008. Fast kimberlite ascent rates estimated from
hydrogen diffusion profiles in xenolithic mantle olivines from southern Africa.
Geochimica et CosmochimicaActa, 72(11): 27112722.

Shaw, D.M., 1970. Trace element fractionation during anatexis. Geochim.Cosmochim. Acta, 34:
237-243.



American Mineralogist: June 2020 Deposit AM-20-67316

Doucet et al.: Water in Tok

Shewmon, P.G., 1983. Diffusionin solid. J. Williams Book Compagny, Jenks, OK.

Tenner, T.J., Hirschmann, M.M., Withers, A.C., Hervig, R.L., 2009. Hydrogen partitioning between
nominally anhydrous upper mantle minerals and meltbetween 3 and 5 GPa and
applications to hydrous peridotite partial melting. Chemical Geology, 262(1-2): 42-56.

Tian, Z.-Z. et al.,, 2017. Water concentration profiles in natural mantle orthopyroxenes: A
geochronometer for long annealing of xenoliths within magma. Geology, 45(1): 87-90.





