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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS 

nussian English 

sin sin 
cos cos 
tg tan 
ctg cot 
sec sec 
cosec c:c 

sh sinh 
ch cosh 
th tanh 
cth coth 
sen sech 
csch csch 

arc sin sin"1 

arc cos cos 
arc tg tan"1 

arc ctg cot"1 

arc sec sec 
arc cosec esc" 

arc sh sinh"1 

arc ch cosh 
arc th tanh"1 

arc cth coth"1 

arc sch sech"1 

arc csch CRfh" 

ro\ 

Ig 
curl 

log 
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Investigation of the Effect of Water Saturation  on the 

Velocity of Ultrasonics in Certain Rocks at High Pressures 

T.S. Lebedev, D.V. Korniyets 

(Institute of Geophysics, Ukrainian SSR Academy of Sciences, Kiev) 

Studying the influence of water saturation  in magmatic 

rock on changes in elastic properties under conditions of high 

thermodynamic parameters is quite timely, since it is connected 

with explaining the factors affecting changes in th speed of 

elastic waves inthe plutonic zones of the earth's crust  Only 

isolated works on this question are known. 

We conducted investigations to clarify the features of 

the changes in the velocity of ultrasound (v ) at atmosphere 
D 

pressure and over the whole range of confined  pressures (to 

5*10Tcgf/cm2) in samples of several types of magmatic rock of the 

Ukrainian layer with the natural moisture content (air-dry), 

water saturated  and dry*.  For this two identical cylindrical 

samples were prepared from each of four ore specimens of diorite, 

granodiorite-sorbite, quartz monzonite and porphyritic granite. 

After measuring the initial speed (v ) at natural moisture 

content the experimental samples underwent water saturation 

under vacuum conditions.  Then the velocity (v .) was again 

determined in them, after which all samples (experimental-water 

saturated  and air-dry control) were covered with a water 

* T.S. Lebedyev, D.V. Korniyets, Geofiz. sb. AN USSR 

(Geophysical Collection, Ukrainian SSR Academy of Sciences), 1971, 

j«9, pp. 3-11. 
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impermeable oil film and subjected to the first experimental 

cycle at confined . pressure. Further, after removal of the 

protective covering the experimental samples were dried at 100° C 

and satyrated  with water again.  Each such process ended with 

a measurement of the speed (Vp2 and Vp3, respectively). Then 

these samples were again covered with protective film and 

subjected to a second trial under high P with simultaneous 

registration of the change in v -f(p).  Finally the experimental 

samples were dried again and for the last time subjected to test 

under high P. Aside from the data obtained in the above sequence, 

the total porosity and volume moisture content of the samples 

were determined. 

Analysis of the experimental results allows one to 

establish that forced water saturation  of air-dry magmatic 

rock samples with a porosity n<l% changes v - very little. In 

rocks with n»1.3-2.4% an increase in v « is observed, but only 

by 0.1-0.15 km/sec.  The most considerable change in v (by 

8-24%) is only characteristic of samples which were dried.  How- 

ever even after water saturation  their speed (v 3) still remained 

lower than the initial by 2-5%. Therefore water saturation 

does not fully compensate for the disturbance of acoustical 

contact between rock grains. 
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• Vp, Km/s 

E>403kg:/cm2 

$*' ^< „   4 

Change in velocity under 
high pressure in rock samples 
of various degrees of water 
aäturacion  : a) granodiorite 
(porosrty- 2.4%); b) quartz 
monzonite (porosity 0.4%). 
Value of v in samples: 
1, air dryF(control); 2,  air- 
dry, water saturated 
3, dried and saturated 
again; 4, c'ry. 

«.*: 
p.l03kg'f/cm2 
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The results of experiments at high pressures (P), part- 

ially presented in the figure as graphs of v »f(p), show that 

an intense increase in v in the rock samples studied occurs 

independent of their water saturation   on increasing P from 

3      2 
atmospheric to 0.6-1*10 kgf/cm . Then monotonic changes in rate 

are observed, Kven in the initially air-dried and then water- 

saturated  sample the value of v wus 0.25-0.55 km/sec lower 
P • 

"*>      2 
than that at l*\0'kgf/cm .  The presence of liquid in the 

intergranular spaces of the samples enhances the disturbed acoustical 

contact and increases the initial speed which leads only to a 

less clearly expressed increase in v in the range up to 1*103 

ks*f/cm2.  At higher pressures a further elevation in v occurs 
IT 

in water saturated  and dry samples with the same gradually 

decreasing gradient.  Therefore the water saturation  does not 

prevent the gradual compression of the rocks. The correlation of 

the v value in rock samples at high pressures also does not 

reveal any effect connected with moisture content, since the 

nearly linear portions of the graphs ( respectively    curve 

pairs 1,2 and 3,4) coincide or ar> located within the confidence 

limits of the values.  Thus one may conclude that the degree of 

water saturation  does not exert a significant effect on the rate 

of propagation of elastic wavas in magmatic rocks of the deep 

layers of the earth's crust. 
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