
60 to 68 cm; in core 114, at 55 to 80 
cm. These portions are being saved for 
possible dating by the K-Ar method 
(8). Errors due to counting statistics 
in the lo: Th ratio are 8 percent. The 
half-life of ionium used to calculate 
the rate of sedimentation is 75,200 
years (9). 

In Fig. 5 cores 98C and 114 are 
divided into glacial and interglacial 
stages on the basis of faunal analyses; 
the three other cores are the Atlantic 
cores, similarly divided on the basis 
of faunal analyses and dated beyond 
the range of C14. These cores have been 
dated by the protoactinium method 
and the protoactinium-ionium method, 
as indicated in Fig. 5. Other Atlantic 
cores, dated past the range of C14 and 
divided into glacial and interglacial 
stages on the basis of 0-18: 016 analysis, 
are not included here because the cor- 
relation between 018: O16 changes and 
faunal changes is questionable (2, 10). 

The ages of the boundaries between 
faunal intervals 1 and 2 in cores 98C 
and 114 are 7000 and 8000 years, re- 
spectively; these ages have been well- 
established in Atlantic cores by C14 
dating (2) as 11,000 years. The age of 
the boundary between intervals 2 and 
3 ranges from 51,000 to 85,000 years; 
between intervals 3 and 4, from 
110,000 to 140,000 years; and between 
intervals 4 and 5, from 120,000 to 
180,000 years. These ranges in age are 
not unreasonable if allowances are 
made for the accuracy and precision 
of the dating method, the use of differ- 
ent dating methods, and a 5-cm uncer- 
tainty in the positions of the boundaries. 
Arrhenius (11) reports a Pa: lo age of 
80,000 years for the boundary between 
intervals 2 and 3 for Pacific equatorial 
core SW60 (Fig. 1), which falls in the 
range reported here. Ages of the bound- 
aries between faunal intervals are 
taken at the midpoints of the changes. 

Thus there is good agreement be- 
tween the ages of the postglacial stage 
1 and stages 2, 3, and 4 in all cores. 
Comparison with Emiliani's (10, p. 140, 
fig. 7) generalized climatic zonation of 
Atlantic deep-sea cores shows that his 
interval 3 is not detectable by the 
faunal analysis used by us. It is not 
desirable to speculate upon a gen- 
eralized Pleistocene chronology before 
more cores that have been analyzed 
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(discrepancy index) was 0.125 at the 
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Atoms in Rhodizite 
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CsB1 1Be,Al,026(OH)2 is proposed. 

Buerger and Taxer (1) have proposed 
the formula CsB12Be4A14028 for the 
mineral rhodizite; cesium or the sub- 
stituting ialkali atoms would have to be 
present in the neutral state. Their pro- 
posal is based on a structure determi- 
nation, whose unweighted residual R 
(discrepancy index) was 0.125 at the 
time that they published their results. 

A neutral alkali atom is placed at the 
origin of the cell, at a distance of 3.24 
A from 12 oxygen atoms that foim a 
cage around it, as has ibeen predicted 
by Frondel and Ito (2). The recorded 
Cs-0 distances for 12-coordinated 
cesium ions range from 3.28 to 3.42 A 
(3), so that the distance reported by 
Buerger and Taxer is small for an 
atomic contact even if the substitution 
of smaller alkalis for cesium is taken 
into account. But, more important, the 
nature of the structure, which is a close 
packing of oxygen ions with boron, 
beryllium, and aluminum ions in tetra- 
hedral and octahedral interstices, rules 
out a covalent or metallic bond treat- 
ment. In a clathrate structure such as 
Na8Si46 (4) to which Buerger and Taxer 
refer, neutral sodium atoms are ac- 
ceptable because silicon forms a coval- 
ently bonded framework. In rhodizite, 
on the other hand, we can see no rea- 
son why the formal valences should not 
be expected to add up to zero. All 
formulas of oxide minerals would have 
to be reexamined if neutral alkali atoms 
were found in rhodizite. 

Two independent physical measure- 
ments can be made to test the hypoth- 
esis that neutral cesium atoms exist in 
rhodizite. In that neutral cesium has 
an unpaired electron, its presence should 
lead to absorption peaks on an electron- 
spin-resonance (ESR) spectrum. For 
the same reason rhodizite should be 
paramagnetic. When the ionic suscep- 
tibilities of Angus are used (5), the 
calculated magnetic susceptibility for 
,the formula used by Buerger and Taxer, 
(CSO. 47 K.33 Rbo. 17 Na. 03) B12 Be4A14 28, 
is +1.10 X 10-6 emu/g. 

Professor C. Frondel has given us 
some of the material from Manjaka, 
Madagascar, on which Buerger and 
Taxer determined the structure. Sioda 
obtained an ESR spectrum both at 
room temperature and at the tempera- 
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ture of liquid nitrogen with an x-band 
Varian spectrometer, a magnetic field 
of from 0 to 4000 oersteds, and a 

powder sample of 0.2 g. The work 
of Jen et al. (6) on ESR of alkali atoms 
in inert-gas matrices indicates that, ow- 
ing to hyperfine interaction of the 6s 
electron of cesium with the magnetic 
field of the nucleus, cesium should give 
lines near 800, 2450, 4200, and 5700 
oersteds. A few very weak lines were 
observed, but none were observed at 
these fields. It is thus unlikely that the 
observed lines are due to the unpaired 
electron in neutral cesium. 

Measurements of magnetic suscepti- 
bility as ia function of temperature 
have been made (by Thorpe) and 
show that rhodizite is diamagnetic 
rather than paramagnetic (Fig. 1). 
The experimental magnetic susceptibil- 
ity at infinite temperature is -0.40 X 
10-6 emu/g, a value in good agree- 
ment with the calculated value (5) of 
-0.44 X 10-6 emu/g for the follow- 
ing formula, and in better agreement 
with Ito's analysis (2), in which the 
alkali atoms are present as ions: 

(Cso..41Ko.alRbo.GINao.03 
lo.O(;)B11Be4Al4026(OH)2 

The slope of the line of susceptibility 
plotted against 1/T does indicate the 
presence of a small amount of para- 
magnetic impurity. This slope corre- 
sponds to a magnetic moment of 0.19 
Bohr magneton, whereas the magnetic 
moment of the unpaired electron in a 
neutral cesium atom would be 1.7 Bohr 
magnetons. The number of spins being 
proportional to the square of the mo- 
ment, there are only (0.19)2/(1.7)2 or 
about 1.5 X 10-2 as many unmatched 
spins in rhodizite as there would be if 
neutral cesium atoms were present in 
the formula. 

Ito (7) has confirmed that water is 
retained to a high temperature. The 
quantitative determination of OH- is 
complicated by the concomitant partial 
loss of B203 on heating. Ito's recent 
analytical work, not yet completed, in- 
dicates that at least one, but less than 
three, hydroxyl groups are present in- 
stead of four as reported (2). The dif- 
ferent values given in the literature for 
the latomic ratio of total oxygen to 
boron in rhodizite emphasize the ana- 
lytical problem, namely, 2.70 (8); 2.64 
or 2.50 (2); 2.33 (1). A formula such 
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g/cm3, as compared with 3.42 g/cm3 
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which is the calculated densit 
formula proposed by Bue 
Taxer. An experimental densit 
g/cm3 was obtained (by Doi 
the Berman balance, in agreer 
the value of 3.44 g/cm3 rel 
Frondel and Ito (2). To pre 
space group P43m and Bue 
Taxer's structure, the propose( 
requires that 11 borons be st 
distributed over the 12 sites o 
12h, and that two hydroxyl I 
substituted randomly for oxyg 
in one or more of the thre 
positions. Extreme refinement 
to detect disorder of such lig 
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e oxygen These descriptions also include discus- 
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;en atoms way related to the height of the waves. 
e oxygen These descriptions also include discus- 
is needed sion of details of the movement of 
ht atoms. water and sediment along and across 

DONNAY the cusps and down the intercusp de- 
pressions, of the variation in size and 

'ington, spacing of cusps with change in wave 
height, and of their eventual disap- 

.THORPE pearance. 
SENFTLE What does not appear in any discus- 

sion known to me is a satisfactory ex- 
planation of the usual approximate 

R. SIODA regularity of spacing and the symmetry 
of these features. While investigating 
quite another problem, however, I stum- 
bled on a possible explanation that may 
deserve further consideration. 

xer, Science This explanation derives from pub- 
etrogr. Mitt. lications between 1843 and 1869 by 

vstallography the Belgian physicist and philosopher 
i2), vol. 3, Joseph Plateau, who showed that, under 

[. Pouchard, esentially gravity-free conditions, a 

liquid cylinder becomes unstable when 
London Se,. 

its length exceeds 27rr, and that it then 

L9 (c962). ' separates into subequal divisions whose 

lengths are proportional to the. diameter 
llen (Aka- of the cylinder (2). The ratio of the 
zig, ed. 3, 

average length of individual segments 
for suggest- to the diameter of the cylinder, how- 
eriment and 
of his ESR ever, also varies. For a cylinder of oil 
Frondel for 4 mm in diameter in a mixture of 

alcohol and water of the same density, 
Plateau (3) found the ratio (segment) 
length: diameter to vary from 15.5 to 
16.7. 

A breaking wave, of course, ap- 
proximates a cylindrical form and, at 
the instant of collapse, it may shoot for- 

miliar to ward a regularly spaced array of jets 
les, occur (4) that correspond to the segmentation 
I with the of the cylindrical rim specified by Pla- 
laracteris- teau's rule. Waves do not ordinarily 
view) as break directly against the beach, but 

linear ar- somewhat offshore as frictional drag 
deltoidal against the bottom produces oversteep- 
seaward- ening and collapse. Where the profile of 
by equal- equilibrium has been steepened as a re- 
I depres- sult of rearrangement of materials by 
sea. The storm waves or rising tide, however, the 
:oarser on following waves may break directly 
ig depres- against the beach, segmenting in regular 

develop fashion. If they are running straight 
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