
renkov radiation is the basic mechanism. 
At threshold, they typically appear as a 
large, crescent-shaped flash in the periph- 
eral regions of the field of view. These 
threshold flashes may occasionally be as 
large as one-third to one-half the field of 
view. They consistently appear in the re- 
gions of the field of view that correspond to 
the portion of the retina near where the 
particles exit. Visual phenomena observed 
at the AGS to date include large cloud-like 
flashes, large crescent-shaped flashes, 
brighter smaller flashes, wide streaks or 
bands, and large flashes with dark centers. 

A dramatic demonstration of Cerenkov 
radiation was obtained when a near- 
threshold pulse of 7 Gev/c muons entered 
the subject's eyeball through the rear and 
exited through the cornea. The visual sen- 
sations appear as large flashes of light with 
dark centers. The lighted section of the 
flash fills the far periphery, and the dark 
central region is often so large it includes 
regions corresponding to the most sensitive 
areas on the retina. To the best of our 
knowledge, flashes with dark centers have 
not previously been reported. Nor could 
we explain them by any mechanism except 
Cerenkov radiation. When informed of our 
observations, Pinsky et al. (6) briefed the 
astronauts on Apollo 17 to look for similar 
effects. The observation of large flashes 
with dark centers was confirmed on Apollo 
17. 

Some significant statements can now be 
made regarding the role of Cerenkov radi- 
ation in producing the Apollo light-flash 
phenomena. The sensitivity of the retina to 
visible Cerenkov light is in general agree- 
ment with earlier optical measurements 
and consistent with theory. When the 
count rates to be expected in deep space 
are calculated on the basis of the known 
cosmic ray spectrum and the results are ex- 
pressed as a function of the sensitivity of 
the retina (7) count rates equal to the 1 to 2 
per minute observed on Apollo missions 11 
through 17 are obtained for reasonable 
values of retinal sensitivity. Apollo astro- 
nauts have reported visual phenomena (6) 
that are similar in description to each of 
the PIVS described in our experiments. 
Moreover, the astronauts must also be 
dark-adapted. One of the most serious ob- 
jections to the Cerenkov explanation of the 
Apollo flashes was based on an impromptu 
experiment performed by astronaut Edgar 
Mitchell on Apollo 14, which indicated 
that dark-adaptation was not required for 
observing flashes (8). After one of us 
(P.J.M.) observed that the technique used 
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by Mitchell was probably insufficient for 
light-adaptation, the experiment was for- 
mally repeated in three sessions on Apollo 
15 and the need for dark adaptation was 
confirmed (6). 
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Our data and calculations (7) indicate 
that, at least for some subjects, the thresh- 
old value for individual ions will be atomic 
number Z < 10, which corresponds to 
particles that have already been acceler- 
ated to relativistic velocities at existing fa- 
cilities. This is also consistent with the abil- 
ity of our subjects to detect with low effi- 
ciency barely relativistic nitrogen nuclei 
(9). 
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average in situ bulk density of the material 
was 2.24 g/cm3 (1). The resulting cavity is 
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pressure and peak velocity have been cal- 
culated (2). 

Stephens (3) reported a sluggish transi- 
tion in the preshot anhydrite separated 
from the halite of the Tatum Dome begin- 
ning at 19.5 + 0.5 kbar and ending at 34 
kbar. The volume change was reported to 
be about 4 percent. Under the pressure re- 
gime generated by the nuclear explosive, 
one would expect the anhydrite to have un- 
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Fig. 1. Typical anhydrite grains in the Tatum Salt Dome; depth, 2726 feet. Crossed Nicols. 
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High-Pressure Phase Transformation of CaSO4 (Anhydrite) 

During a Nuclear Explosion 

Abstract. Examination of the postshot cores from the portion of the Tatum Salt Dome 
that had been subjected to a nuclear explosion (Salmon Event) has indicated evidencefor 
the high-pressure phase transformation of anhydrite. This evidence consists of distinctly 
different optical domains within the shocked anhydrite. Evidencefor the transition exists 
out to approximately 1.5 cavity radii. Excellent agreement exists between experimental 
work and the theoretical calculations of the predicted pressure profile. 
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Fig. 3. Appearance of anhydrite 
grains in a postshot sample (depth, 
2773 feet) of a Salmon core. (a) 
Plane-polarized light showing cleav- 
age traces and cracks. Note cracks 
and cleavage traces within the 
cracked areas. (b) Same areas as (a) 
with crossed Nicols, showing optical 
domains. (c) Detail of crystallogra- 
phic domains in anhydrite crystal, 
crossed Nicols. The relative misori- 
entation due to the high-pressure 
transformation may be observed in 
the traces of the cleavages. Arrows 
indicate directions of the trace of the 
plane of the relatively faster vibration 
direction. 
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Fig. 2. Illustration of optical domains in post- 
shot anhydrite: (a) crystal in plane-polarized 
light; (b) crystal with crossed Nicols; (c) crystal 
in plane-polarized light; and (d) crystal with 
crossed Nicols. All depths, 2773 feet. 

dergone a completely reversible phase 
transformation (3). Laboratory experi- 
ments on the preshot Tatum rock itself 
also showed evidence of the anhydrite 
phase change, but, because of dilution by 
the soft halite, the transformation was not 
evident below 24.5 kbar. This report de- 
scribes the evidence for phase transforma- 
tion as seen in postshot rock samples ob- 
tained from cores taken through the cen- 
ter, into the puddle of the cavity, and below 
the shot point. 

The preshot anhydrite, enclosed in a ma- 
trix of halite, has a modal grain size of 
about 700 um. The prismatic, euhedral 
grains are clear and free of gross imperfec- 
tions (Fig. 1). Few twinned grains are ob- 
served. There is little evidence of strain; in 
all grains fractures are few, extinction is 
sharp and uniform, and undulose ex- 
tinction is absent. The three pinacoidal 
cleavages are in evidence. 

At depths from 2773 feet to approxi- 
mately 2794 feet, the halite remains un- 
fractured. However, the postshot anhydrite 
grains are at times partly cracked and con- 
tain distinctly different optical domains 
that may be seen quite easily under crossed 
Nicol prisms. Figures 2 and 3 illustrate this 
phenomenon in three different grains. A 
similar domain structure has been attrib- 
uted to the high-temperature phase trans- 
formation of synthetic bromellite (4). At 
2796 feet, strain induced by the shot is in- 
dicated by mechanical twins and slight un- 
dulose extinction; however, the optical do- 
mains are not distinct. X-ray analysis of 
the postshot anhydrite indicates the pres- 
ence of only CaS04. 

Using Stephens' data as a guide, one can 
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place a peak radial stress of approximately 
25 kbar at 2796 feet or approximately 1.5 
cavity radii. Rogers (2) estimates the peak 
radial pressure at 2796 feet to have been on 
the order of 30 kbar. Considering the diffi- 
culties associated with evaluating the acti- 
vation energies for high-pressure reactions, 
the differences in the experimental envi- 
ronments, and the errors involved in esti- 
mating the pressures, one must conclude 
that the agreement between Rogers' calcu- 
lations and field measurements and Ste- 
phens' experimental work is excellent. In 
addition, recently completed experimental 
laboratory work by Schock (5) for Borg 
and Smith (6) has confirmed the existence 
of a high-pressure polymorph of anhydrite. 
The monoclinic monazite structure (P2,1 
n) is considered the most likely configura- 
tion. 

Because of the ease with which this pres- 
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The term "acid rain" has come into 
widespread use to imply that precipitation 
may be influenced by anthropogenic activi- 
ty in such a manner as to cause a decrease 
in thepH. Likens and Bormann (1) discuss 
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sure change may be observed, it would ap- 
pear that anhydrite may be an excellent 
pressure indicator in future high-pressure 
experiments. 
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the most commonly held opinions on "acid 
rain." They report that precipitation in the 
northeastern United States is acidic and is 
presumably due to air pollution. The rela- 
tionship to air pollution is based upon two 
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Precipitation: Its Acidic Nature 

Abstract. A comparison of the free hydrogen ion concentration and the total hydrogen 
ion concentration of rain samples shows that rain is a weak acid. The weak acid nature of 
rain casts doubt on the concepts that the acidity of rain is increasing and that these in- 
creases are due to strong acids such as sulfuric acid. 
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