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VISCOUS FLOW IN THE SYSTEM ALBITE - DIOPSIDE; P.Tauber and J.Arndt,
Mineralogisch-Petrographisches Institut, Universitdt Tibingen, Federal Repub-
lic of Germany

The ternary system albite-anorthite-diopside is the classic system to
illustrate crystallization of basaltic magmas (1). Knowledge of the rheolo-
gical properties of melts of this system is therefore a basic prerequisite
in igneous petrology of lunar and terrestrial basalts.

The variation of viscosity with temperature and composition in the bina-
ry system albite-anorthite is well explored (2). Further information on the
flow properties of the ternary system is provided by the present study in
which the viscosity-temperature relationships of the end member diopside and
of three intermediate compositions in the system albite-diopside have been
investigated in the viscosity range 1013 - 108 gras using a micro-indentation
viscometer (3).

The presently obtained viscosity-temperature data of diopside are shown
in Fig. 1 together with high-temperature data reported by other authors. For
comparison are also shown the viscosity-temperature relationships of albite
and anorthite. The experimental relationships of these two end members of the
ternary system are well represented (2) by the empirical Vogel-Fulcher-Tam-
mann (VFT) equation

log (nN) =A +B / (T - To) (1)

where N (dPas) is the viscosity, T (K) is the absolute temperature and A, B
and T, are constants. An iterative regression procedure performed on all ex-
perimental data given for diopside in Fig. 1 yielded the following parameters:
A =- 3.125, B = 4066 and T, = 737.5 (K) with an average error of + 0.13 log
viscosity units. ‘

It has been shown (2) that the experimental viscosity-temperature rela-
tionships of albite and anorthite are best represented by the configurational
entropy model for viscosity of Richet (4) given by

log (n) = Ag + Be / T « Sconf (2)

where Ag and Be are constants, T is the absolute temperature and Sconf
(J/mole - K) is the configurational entropy.

Due to the lack of sufficiently accurate thermodynamic data for diopside
equ. (2) must be modified to give

log (n) = Ag + Beg / (T -(Sconf (F) +4acp - 1n(T/T))) (3)
where Ac, is the difference between the heat capacities of the glass at the

fictive temperature T and of the melt at the temperature T. With an iterative
regression procedure and using for the unknown T the presently measured vis-

cosimetric glass transition temperature T9(n) = 989 K, the following parame-
ters have been obtained for diopside:
Ag = - 2.303, Bg = 3.999 - 10° J/mole and Sconf (T) = 26.40 J/mole - K

with an average error of + 0.10 log viscosity units. The experimental data
are thus by 23% better represented by the Richet model than by the VFT ap-
proach.

The variation of the isothermal viscosity with composition in the system
albite-diopside is shown in Fig. 2. The Richet model is as yet the only theo-
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ry that allows the calculation of the dependence of viscosity on composition.
Using this theory and a modified version of the "two lattice" mixing model
(5), the isothermal viscosities of intermediate plagioclase compositions ha-
ve been calculated solely from the pertinent data of the two end members al-
bite and anorthite yielding very good agreement with the experimental data (2).
The applicability of various theoretical mixing models for similar calcula-
tions in the system albite-diopside is presently investigated.
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The references of the papers quoted in Fig.l are given in reference (2)

Fig. 1
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Log viscosity versus 1/T
for diopside, albite and

anorthite.
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Fig. 2 Isothermal log viscosity in
the system albite-diopside.
Albite data are from (2). Broken

lines are tentative trajectories.
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