loss is very high, and, because of the
fourth-power relation of the tempera-
ture, it falls off rapidly at lower tem-
peratures.

The liquidus temperature of the syn-
thetic lunar sample is somewhat higher
than that of basalts, and, if the flow is
extruded at or near this temperature,
the radiant heat loss from the surface
would be very large. A solid crust will
form quickly, and the surface tempera-
ture will subsequently be governed by
the rate of conduction from the molten
interior. If we assume that the thermal
diffusivity does not differ radically from
that of other silicates, the heat loss will
be greatly reduced by the insulating
effect of the crust and the lava will
remain fluid in its interior.

These relations favor the formation
of lava tubes. On the moon the tubes
will be broader than they are on the
earth because of the higher stability of
the roof in a low-gravity field and much
longer because of the extreme fluidity
of the liquid. It seems unlikely that the
fluid part of a flow would be exposed
except very close to the vent or for
short times after the crust of a flow
was ruptured.

Finally, the low viscosity implies high
diffusion coefficients that would be con-
sistent with the coarse crystallinity of
the Apollo 11 samples., Even in our
relatively rapid cooling of laboratory
melts, crystals over a centimeter long
were commonly formed, and complete
crystallization occurred in samples that
were cooled from 1450° to 1200°C in
about 30 minutes.

TsuToMU MURASE
ALEXANDER R. MCBIRNEY
Center for Volcanology, University
of Oregon, Eugene 97403
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Supersaturation of Gases in Water:

Absence of Cavitation on Decompression from High Pressures

N

Abstract. Very high supersaturations ranging from 140 atmospheres for oxygen
to more than 270 atmospheres for helium, were produced without cavitation of
the water at atmospheric pressure. Thus, the lower limits for de novo bubble
formation are increased substantially over those previously obtained.

Bubbles normally appear when water
which has been saturated with gas
at a few atmospheres pressure is ex-
posed to atmospheric pressure. Such
cavitation usually is initiated by minute
gas nuclei present prior to the decom-
pression. The supersaturation at which
de novo bubble formation occurs is
not known, although it is of general
interest (/) and has practical impli-
cations for human diving. For in-
stance, knowing the susceptibility to
cavitation for various gases would aid
in developing better gas mixtures and
decompression procedures (2).

With the present simple technique,
strikingly high supersaturations with-
out cavitation have been obtained for
various gases in water. Figure 1 shows
the apparatus. After trapped air was
expelled from the acid-cleaned capil-
lary observation tube through the seal
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a, gas pressure was applied and the
distilled water in cup.b was equili-
brated with the gas by shaking the
assembly for 45 minutes. Tests showed

this time to be more than twice that
needed for complete equilibration. An
inherent advantage of this method is
that most of the cavitation nuclei, that
is, small gas pockets, dissolve when
the pressure is applied initially. After
equilibration, the water saturated with
gas was transferred under pressure to
the capillary by slowly bleeding out
water at seal a. The assembly was
then turned to the horizontal position,
and the pressure in it was lowered to
ambient pressure within a few seconds
while the water in the capillary was
observed. When no bubbles had ap-
peared after 10 minutes, the result was
recorded as “no cavitation.” Bubbles
rarely appeared after this initial time
period. When massive cavitation oc-
curred, it sometimes started even be-
fore the pressure was released com-
pletely.

None of the gases tested cavitated
the water at supersaturations less than
130 atm. At various pressures above
this value, cavitation occurred with all
gases except helium, which yielded
no bubbles at pressures up to 270 atm
(3). For each of the gases, there was
a gradual increase in the number of
bubbles appearing as the saturation
pressure was increased. Instant, mas-
sive cavitation occurred only 10 to
20 atm above the highest supersatura-
tions without cavitation. Examination
of closeup movies showed -that, during
light and moderate cavitation, the
bubbles always appeared to form at
the glass-water interface. During mas-
sive cavitation, most of the bubbles
appeared at the interface; however,
there were indications that some bub-
bles also spontaneously appeared in
the water. The results (Table 1) show
that maximum supersaturations with-
out cavitation occur at different pres-

Table 1. Supersaturation of gases in water at 25°C. In column 3 the lower of the two
values is the saturation pressure which usually (two out of three trials) yielded no cavita-
tion; the higher value is the highest observed saturation without cavitation. Column 5 lists
gas solubility in water at 25°C and 1 atm (7). Each set of pressure values is based on 12
or more determinations near the point of cavitation made with several different samples of

capillaries, distilled water, and gas.

Maximum Saturation
Inner supersatu- for begin- Gas solu-
Gas diam- ration ning bility
eter : without massive (cm?®/cm?
(mm) cavitation cavitation water)
(atm) (atm)
Argon 1.1 135-140 160 0.03123
Oxygen 1.1 135-140 155 .02830
Nitrogen 1.1 170-185 200 01434
Helium 1.1 >270 >270 .00865
Nitrogen 2.5 145-155 170
Nitrogen 0.6 170-190 205
Nitrogen 0.4 165-190 210
Nitrogen 0.15 160-170 195

1493



sures for each of the gases. Also,
high supersaturations without cavita-
tion were not dependent on confine-
ment of the water in capillaries of
small dimensions, such as is necessary
for avoiding cavitation in water under
tensile stress (4); there was little change
in the cavitation properties when capil-
laries of dimensions ranging from 0.15
to 2.5 mm in inner diameter were used.

Since experimental reproducibility
was excellent with different samples
of glass, water, and gas, and since the
pressure range from the condition of
no cavitation to the beginning of mas-
sive cavitation was small and rather
well defined for each of the gases, the
pressures for beginning massive cavita-
tion (Table 1, column 4) may repre-
sent the approximate value for de novo
bubble formation at the water-gas inter-
face and, possibly, also in the water
body. The highest supersaturations
without any cavitation (Table 1, col-
umn 3) represent the lowest possible
limits for such bubble formation.
The highest such value that had been
obtained previously was 70 atm for
nitrogen (5).

Since the pressure for bubble forma-
tion increases with decreasing gas
solubility, the gas concentration rather
than the pressure (that is, tension)
appears to be the determining factor.
In view of this, Haldane’s classical

maximum supersaturation limit for
w7
N7\
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Fig. 1. Apparatus used for the experiments.
Hatched areas signify parts made of brass.
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avoiding the “bends” (6) should be
examined and possibly modified for
gases other than nitrogen.

E. A. HEMMINGSEN
Physiological Research Laboratory,
Scripps Institution of Oceanography,
University of California at San Diego,
La Jolla 92037
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Uranium Localization on Hydroxyapatite by

Analysis of Fission Fragment Tracks

Abstract. The distribution of enriched uranium on individual hydroxyapatite
crystals after an exchange reaction has been investigated by means of thermal
neutron irradiation followed by electron microscopic analysis of fission fragment
tracks in plastic support films. One uranyl ion for every two to three surface
calcium ions became associated with the mineral but in a nonuniform distribution

that strongly favors crystal end regions.

Induced fission of uranium-235 in
thin films has been shown to produce
damage tracks in the films along the
path of the ejected high-energy fission
fragments (I/-3). This physical process
was first proposed as the basis of a
high-resolution biological tracer system
by Malmon (4), who also experimental-
ly demonstrated the feasibility of the
technique. In this report I describe
the application of this new tracer tech-
nique to uranyl ion—hydroxyapatite ex-
change experiments. Because the ex-
perimental results could not have been
obtained with other high-resolution
tracer methods presently in use, a de-
tailed comparison is included between
the characteristics of the new system
and other tracer techniques.

All high-resolution biological tracer
systems in use at present are based
upon (i) specific histochemical precipi-
tation reactions, or (ii) immunochem-
ical reactions that use an -electron-
dense tag on one component, or (iii)
electron microscopic radioautography.
All these basic processes are subject
to numerous influences that can pro-
duce positive or negative artifacts,
alter response threshold and sensitivity
capabilities, and lead to nonuniform re-
sults from one area to another in a
single sample (5). Also dissolution or

loss of a precipitate (6) or latent image
(7) can occur, diffusion can cause
movement of established markers from
their original position (8), and ac-
curate quantitation of final results is
difficult or impossible.

Maximum resolution capabilities of
histochemical and immunochemical
methods are limited by the minimum
size of the precipitate or the electron-
dense tag formed to areas of the order
of 30 to 150 A in diameter; resolution
limits of electron microscopic radio-
autography -are probability circles of
1000 to 3000 A diameter or more (9).

Most of the deficiencies mentioned
which are inherent in the above tech-
niques cannot occur in the new system.
The cumulative dose of thermal neu-
trons given- the samples completely
determines the fraction of uranium
atoms that will undergo fission wher-
ever they are located (70). Essentially
all the fission events produce damages
to thin plastic films with a relatively
constant proportion of these having
the configuration of tracks (2, 4).
Accordingly, the sensitivity of the sys-
tem is uniform in all areas of a
sample and dose-controllable, and rea-
sonably good quantitative estimations
of the uranium content can be made
from the numbers of tracks observed
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