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8 Table 1.
Olivine Basalt Dacite
SiO, 38.82 51.80 69.74
6 ALO, - 0.20 1500 | 1559
Fe,O4 1.65 3.68 1.52
FeO 14.93 10.14 2.59
4 MgO 42,51 5.36 0.85
CaO 0.40 9.77 3.63
Na,0O _ 1.76 343
) K,0 —_ 0.32 1.36
2 | H;0. — N 0.67
0.62
H,0_ — 0.23
| TiO, none 0.60 0.45
' , PO, —_— 0.31 0.22
0 ! ] I T L . |
; ) 4 .
0 2 4 6 8 10x10atm MnO 0.23 0.20 0.08
. L1 0.90 — —
B1E BEAOMMEEENOBEK .
Ega=2, HEfEn=3
Fig. 1. Viscosity vs. pressure for olivine. Total 99.64 99.56 100.36

Full line; n =2
Dotted line; n = 3
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SFF—BY L L2 LIERET 5 SO TED Fig. 2. Viscosity vs. pressure of basalt (dotted
BEIZEA LT\ D, line), olivine (full line) and ZARKOV’s
results (Z).
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6. Effect of Pressure on the Viscosity of Molten Rocks

By Tsutomu MURASE
(Department of Geophysics, Faculty of Science, Hokkaido University)

The rate process (GLASSTONE et al) is applied to the problem of viscosity of molten
rocks.

Upon taking the packing number as equal to 2, i. e., for cubic packing, inserting the
known values for N and % and expressing R in calories, viscosity (¥) -temperature (7))
relation becomes Eq. 1, where M is the molecular weight, V is the molar volume, E is
the activation energy per mole for viscous flow and 4Ey,, is the molar energy of
vaporization. If 4V represents the increase of volume per mole of activated state for

9) T. MURASE; Viscosity and Related Properties of Volcanic Rocks at 800° to 1400°C,
Jour. Fac. Sci,, Hokkaido Univ. Ser. VII (Geophys). Vol. I (1962), 487-584.

10) B. N., ZARKOV ; Vyazkost’ Nedr Zemli, (in Russian), Izv. AN. SSSR, Tryd. Inst. Phys. Zemli, im
O. U. Schmidt. 11 (178) (1960), 36-60.
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flow at constant external pressure P, Egoy=FEyis+PA4V. The quantity 4V will be some
fraction of the molar volume V, so that 4V may be replaced by V/n’; hence Eq. 3
becomes Eq. 2, 4E..p/n being written for Ey;s. There is no satisfactory way of estimating
the values of n and »’ theoretically, but they can be found empirically from the change
of viscosity with temperature and pressure respectively. It appears that although » may
vary between 3 and 11 for different liquids, the ratio »'/n has a remarkably constant
value of about 1.75. By assuming »'/n to have the constant value of 2, it is possible to
use Eq. 2 to express the variation of the viscosity of molten rocks with pressure.

The variation of olivine, basalt and dacite (Table 1) is estimated.

a) Olivine (Miyake-jima) 23.1 Fe,SiO, 76.9 Mg,SiO,

Eis=42 Kcal/mol (estimated on the basis of KANI and HOSOKAWA’s data), M=140 (Mg,
Si0,), V=50 cm® (density #=2.8) and 7 at P=0, give n=2. It follows, therefore, that
Eq. 2 may be written Eq. 3. The calculations have been made for a range of pressures
and temperatures, and the results are shown in Fig. 1 (full line). The dotted line shows
the result that would be obtained if n=3, ie., 10 Mg,Si0, were the flow unit. It is
evident result the effect of pressure on viscosity decreases with increasing 7.

b) Basalt (Izu Oshima Moto-machi)

E,is=38 Kcal/mol, the average atomic weight of metal ions in the rock is applied
to M, ie. 162 and V=6lcm® (0=2.7), then n=33. Eq. 2 becomes Eq. 4. The results
obtained are shown in Fig. 2 (dotted line). The increase of viscosity with increasing
pressure is relatively small for this rock.

¢) Dacite (Showa-shinzan dome lava)

Eyis=92 Kcal/mol, M=154 and V=66cm’ then n=7X10°. Eq. 2 becomes Eq. 5.
The effect of pressure on viscosity of this rock is very small, so the results obtained are
not shown in figure.

The results obtained show that for rocks having a high silica content, i. e., a high
bridge density, the effect of pressure on viscosity is considerably small, while for rocks
having a low silica content, i. e., a low bridge density, the effect is great.

A part of ZARKOV’s distribution of viscosity in the earth on the basis of the diffusional
viscosity and the seismological results is shown in Fig. 2. The abscisa axis in the figure
is replaced by pressure (density=3.3). The distribution corresponds the maximum
temperature distribution, i. e., the minumum viscosity distribution in the earth. The
difference between the distribution and olivine’s results is very remarkable, so it is
suggested to be able to detect the molten parts in the crystalline parts of the earth by
the difference of viscosity between them.



