Calculation of viscosities of silicate melts

The calculation is based on the method of H. R. Shaw (1972), “Viscosities of magmatic silicate liquids: an empirical method of prediction.”  American Journal of Science, v. 272, 870-893.  It assumes a crystal-free and bubble-free melt. 

The method is as follows and is easily done in a spreadsheet:

1.  Provide an input for temperature.   It is most convenient to have it in degrees centigrade, but remember to convert to Kelvin in the calculation.

2.  Given a chemical analysis of a rock, recalculate it to 100% and convert the components to mole proportions and then to mole fractions.  The only exception to dividing by the molecular weight of the oxide is for Al2O3 and Fe2O3 where one has to divide by one half the molecular weight because the components in the melt are treated as "AlO2" and "FeO" - i.e. each Al2O3 represents two "AlO2".  So, divide Al2O3 by (101.94/2) and Fe2O3 by (159.7/2).

3.  Sum the following mole fractions:

Xfm = Fe2O3 + FeO + MnO + MgO

Xnk=  Na2O + K2O

Xct =  CaO + TiO2
4.  Obtain the products (where Xi refers to mole fraction i):

Xal203 * 6.7 * Xsi
= P1

Xfm  *  3.4  * Xsi
= P2

Xct  *  4.5  * Xsi
= P3

Xnk * 2.8  * Xsi
= P4

Xh2o  * 2.0  * Xsi
= P5

5. Take the sum of the products,   ∑P = P1 + P2 + P3 + P4 + P5

6. Then  ∑P / (1- Xsi) = s     (this is the value referred to by Shaw as the mean slope)

7. Ln  = s (104/T) - cts + c        where  ct = 1.50,  c = -6.40, and T is in °K.

Note:  Log  = Ln  / 2.303         Values are in poise!!  Convert to Pa s.
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