
of clear calcite that traverse the rocks. 
Coulson may well have been referring 
to the prominent cross sections of long, 
tabular stromatoporoids, which stand 
out as very light gray calcite bands 
in the pale red limestone matrix. In 
1957 Kidwai (3) made a plane table 
map of the hills in order to evaluate 
the limestone reserves. 

Fossil assemblages have also been 
collected recently from limestone lo- 
calities in northern West Pakistan as 
much as 56 kilometers distant from 
the Nowshera reef. Some of these lime- 
stones seem to be correlative with the 
Nowshera reef, especially the Kala 
limestone north of the town of Swabi 
in the Mardan district, which in part 
represents a reef talus. 

These limestones have in the past 
been assigned partly to the Precam- 
brian and partly to the Carboniferous 
and Permian. The newly found fossils 
suggest that all the limestones which 
cover large areas of Swat state and 
Mardan district may have been de- 
posited during the Silurian or Devo- 
nian, or possibly during parts of both 
periods, in a sea bordered by reefs 
or containing reef platforms. 

The regional metamorphism in the 
Peshawar area increases toward the 
north so that the recrystallization and 
deformation of fossils in limestones 
tend to increase northward. Dolomiti- 
zation of these limestones apparently 
increases toward the east. It is, there- 
fore, unlikely that fossil assemblages 
as well preserved as those at Nowshera 
will be found in the limestones either 
to the east or to the north, although 
many less-well-preserved fossils have 
already been found. 

No equivalents of these limestones 
have as yet been found south of Now- 
shera, but they may correlate with Pa- 
leozoic limestones recently found by 
A. Schreiber (4), of the German geo- 
logical mission to Afghanistan, south 
of the Kabul River, about 70 kilome- 
ters northwest of Peshawar. 

Both in Swat state and Mardan 
district these fossiliferous limestones 
are associated with extensive, black, 
fetid, fine-grained limestones and with 

vuggy, highly porous dolomites. The 
combination of reefs, fetid limestones, 
and porous dolomites has potential 
economic implications for the discov- 
ery of oil. 
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Ultrasound Chemical Effects on 
Pure Organic Liquids 

Abstract. Molecular fragmentation of 
organic liquids was produced by cavita- 
tion due to ultrasound waves, even in 
the absence of water. The sonolysis of 
acetonitrile under argon yielded N2, 
CH,,, and H2; but under oxygen the 
products were N2, CO, CO , and 
H20. Pure nonaqueous carbon tetra- 
chloride also underwent sonolytic de- 
composition under either argon or oxy- 
gen, with the production of elemental 
chlorine. 

Intense ultrasonic waves cause chem- 
ical changes in water and in aqueous 
solutions if a permanent gas is pres- 
ent, by a mechanism involving cavita- 
tion (1). In pure water, sonolysis 
produces hydrogen atoms and hydroxyl 
radicals, as well as molecular hydro- 
gen, oxygen, and hydrogen peroxide 
(2, 3). When dissolved substances are 
present, they may react with the H 
and OH radicals, causing further chemi- 
cal changes in a manner similar to the 
"indirect action" of radiolysis (3, 4). In 
addition many volatile organic solutes 
in water (such as alcohols, aromatic 
compounds, or carbon tetrachloride) 
undergo a direct sonolysis inside the 
cavitation bubbles, with fragmentation 
of the molecule (3, 5). 

These facts suggested the possibility 
that pure organic liquids might be de- 
composed by intense ultrasound even 
in the absence of water, although no 
such observation has been reported. 
Experiments were performed on high- 
purity acetonitrile and carbon tetra- 
chloride; both liquids underwent sonoly- 
tic decomposition. Acetonitrile was 
chosen because of its wide use in physi- 
cal chemistry as a nonaqueous solvent; 
CC14 was picked because it is cus- 
tomarily used for sonochemical studies 
in aqueous solution. 
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trasonic generator (800 kcy) and 
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cooled by circulating water. Acetonitrile 
(4-ml samples) was first saturated with 
argon, then irradiated in a closed sys- 
tem for 2 to 10 hours; dissipation of 
acoustic power inside the cell was 
estimated to be 3 watts. Analysis of 
the gas phase by both gas chromatog- 
raphy and mass spectrometry showed 
that nitrogen, methane, and hydrogen 
were formed in molar ratios of 1: 2: 4. 
The yields of these gaseous products 
were about 10-8 mole liter-' min-t, 
which is about two orders of magni- 
tude less than the yield of hydrogen 
peroxide obtained from water under 
the same experimental conditions. An 
attempt to detect less volatile products 
in the liquid phase was not successful. 

Further experiments were made in 
which the argon atmosphere was modi- 
fied by the addition of 10 percent of 
deuterium gas. Mass-spectrometric anal- 
ysis showed that the ultrasonic treat- 
ment produced HD in substantial yield 
comparable with that of H2, an in- 
dication that hydrogen atoms are a pri- 
mary product in the sonolysis. 

An oxygen atmosphere was substitut- 
ed for argon. Comparative experiments 
showed that the yield of nitrogen from 
acetonitrile remained unchanged in the 
oxygen-saturated system, but the yield 
of hydrogen and methane fell to zero. 
In their place, new products appeared: 
namely, carbon monoxide, carbon di- 
oxide, and water, in molar proportions 
of 6:2:1; the dissolved gas plays a 
major role in the sonochemical reac- 
tion. The mass spectrometry and gas 
chromatography techniques were here 
supplemented by O8-tracer experi- 
ments of higher analytical sensitivity; 
parallel experiments were made under 
O8-Oo18 and O16-O16, and the mass 

spectra of the gaseous products were 
compared. 

For acetonitrile under argon, the 
sonolytic formation of methane and 
nitrogen in 2 : 1 ratio is consistent with 
the rupture of the C-C bond, giving 
methyl and cyanide radicals as inter- 
mediates. The production of hydrogen 
in high yield and the formation of H 
atoms as intermediates are evidence for 
efficient cleavage of the C-H bonds 
also, which is not surprising in view 
of the bond strengths (6). 

Under oxygen, the sonolysis of ace- 
tonitrile results in oxidation to CO and 
CO2 and in the formation of Ns in 
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lysis (mainly a thermal process) and 
radiolysis (an ionization process). 

We next examined the sonolysis of 
pure CC14 under the same experimen- 
tal conditions. The rate of its decom- 
position was determined by measuring 
the yield of elemental chlorine, as 
analyzed by extraction into an aqueous 
iodide solution at pH 4.0 (phthalate 
buffer) and subsequent spectrophoto- 
metric determination of the triiodide 
formed (8). The rate of chlorine for- 
mation under oxygen was 5 X 10-7 
mole liter-' min-1. Under argon, 
however, the chlorine formation 
reached a steady state value of only 
about 10-8 mole liter-l because of 
the back reaction of chlorine with the 
CC13 radicals. When n-butyl iodide 
was added in 0.03M concentration to 
the CC14 to suppress the back reac- 
tion, the rate of chlorine production 
under argon rose to 8 X 10-7 mole 
liter-1 min-', as measured by the 
overall yield of iodine. Inasmuch as 
CC14 (a liquid of low dielectric con- 
stant) undergoes sonolysis at a rate 
only an order of magnitude less than 
that of water, it is unlikely that elec- 
trostatic phenomena (9) are important 
in sonochemistry, in comparison to 
the thermal processes which occur 
(3, 10). 
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Strontium Isotopes: Global Circulation after the Chinese 
Nuclear Explosion of 14 May 1965 

Abstract. Strontium-89 and strontium-90, released into the atmosphere by the 
Chinese nuclear device on 14 May 1965, circled the world in less than a month 
and caused a sharp peak in the Sr89/Sr90 ratio in rain at Tokyo on 12 June. 
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Abstract. Strontium-89 and strontium-90, released into the atmosphere by the 
Chinese nuclear device on 14 May 1965, circled the world in less than a month 
and caused a sharp peak in the Sr89/Sr90 ratio in rain at Tokyo on 12 June. 

The second Chinese nuclear test ex- 
plosion took place in the Lop Nor 
area (90?E, 40?N), Sinkiang Province 
on 14 May 1965. Because Lop Nor 
and Tokyo (140?E, 36?N) are at ap- 
proximately the same latitude, and 
also because of the timing of the test 
explosion, which coincided with the 
rainy season (Tsuyu) in Japan, it 
seemed worth while to investigate the 
fallout pattern of the Sr89 and Sr90 in 
individual samples of rain. The radio- 
chemical procedure that has been in 
use for several years in the laboratory 
of one of us (P.K.K.) was used for iso- 
lation and purification of the isotopes 
in rain (1, 2). The rain samples were 
collected at the Meteorological Re- 
search Institute, Koenji, Kita, Sugi- 
nami-ku, Tokyo. An Aloka radiation 
counter (model DC4) was used to 
measure radioactivity. The background 
of this low-level counting system was 
about 0.7 count/min. 

The data are shown in Fig. 1. The 
air trajectory in the Northern Hemi- 
sphere during May and June 1965, pre- 
pared by one of us (J.N.) at the Long- 
Range Forecast Section, Japan Mete- 
orological Agency, is shown in Fig. 2. 
The dates in Fig. 2 show the calcu- 
lated positions of the tropospheric de- 
bris. The straight-line aS'o in Fig. 1 
illustrates the Sr80/Sr90 ratio in the stra- 
tosphere prior to the explosion of 14 
May; it was deduced from data ob- 
tained at Fayetteville, Arkansas, after 
the first Chinese explosion of 16 Oc- 
tober 1964 (2). A sharp increase in 
the Sr89/Sr90 ratio in rain occurred in 
Tokyo on 20 May 1965; it coincided 
with the arrival of the first wave of 
the debris via the troposphere, shown 
in Fig. 2. The debris which entered 
the stratosphere traveled with greater 
speed and was picked up as dry fall- 
out at Tokyo on 16 May and was 
also intercepted by an airplane of the 
Japanese Self-Defense Agency on the 
same day over Hokkaido Island. 

The rapid decrease in the Sr89/Sr90 
ratio during the next 10 days or so 
was probably caused by the fact that 
the bulk of the fresh debris moved 
eastward over the Pacific Ocean. Fre- 
quent and heavy rains, which occurred 
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during this period in Japan, may also 
have contributed to removal of fresh 
debris from the troposphere. A small 
peak in the Sr89/Sr90 ratio in rain ob- 
served on 27 and 28 May coincided 
with the arrival of typhoon No. 6 at 
Tokyo. This typhoon reached Tokyo 
from the vicinity of Okinawa, to the 
southwest. 

The pronounced peak in the Sr89/Sr90 
ratio in rain observed during the mid- 
dle of June shows the arrival of the 
debris which circled the world. The 
data are in excellent agreement with 
the calculation of the air trajectory 
shown in Fig. 2. Miyake et al. (3) 
reported in 1956 that the average 
velocity of movement of debris from 
the Nevada test site eastward to Japan 
was 20 m/sec. The tropospheric de- 
bris from the Chinese nuclear explo- 
sion of 14 May 1965 circled the 
world from Tokyo back to Tokyo in 
22 days, and the average velocity of 
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Fig. 1. Variation of the Srs9/Sr90 ratio in 
rain after the Chinese nuclear explosion of 
14 May 1965. The error limit indicated is 
due primarily to the counting statistics. 
The straight line aSo' is the Sr89/Sr90 ratio 
in the stratosphere prior to 14 May. The 
straight line Sob indicates the estimated 
Srs8/Sr90 ratio in the stratosphere after the 
second injection of strontium isotopes by 
the Chinese. 
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