tached to biological matter would be
expected to be lower because of their
faster settling rate.) Based on the
amount of CO, evolved from samples
B and E and assuming a 100 percent
trapping efficiency for the matrix, we
deduce values of 5 X 10—8 and 10—7
mole of particulate CaCOgz per liter
of seawater at depths of 2300 and 3500
m, respectively. The average value for
the ocean based on material balance
considerations (8) is ~ 10—6 mole of
total organic and inorganic carbon per
liter for depths of less than 3500 m.
The agreement is quite satisfactory in
view of the fact that we are analyzing
only the inorganic biological carbon
" and the fact that the trapping efficiency
of the matrix is not expected to be
better than 10 to 20 percent.

Thus the data presented here pro-
vide experimental evidence (8) that a
considerable direct addition of “sur-
face” carbon occurs at depths in the
oceans as a result of the dissolution
of biological matter. This has to be
considered implicitly in any theoretical
analysis of C4 data for the evaluation
of diffusion-advection rates and can be
taken into account in measurements of
the concentration of total “stable” car-
bon in seawater (8).

B. L. K. SoMAYAJULU
D. LAL
Scripps Institution of Oceanography,
La Jolla, California 92037 and
Tata Institute of Fundamental
Research, Bombay 5, India
S. KUSUMGAR

Tata Institute of Fundamental Research.

References and Notes

1. D. Lal, J. R. Arnold, B. L. K. Somayajulu,
Geochim. Cosmochim. Acta 28, 1111 (1964);
B. L. K. Somayajulu and E. D. Goldberg,
Earth Planet. Sci. Lett. 1, 102 (1966).

2. H. Craig, F. S. Dixon, D. Lal, B. L. K.
Somayajulu, R, F. Weiss, in preparation.
3. D. P. Agrawal, S. Kusumgar, D. Lal, Curr.

Sci. 34, 394 (1965).

4. Small amounts of CO, may indeed be trapped
in the matrix during preparation or storage
since an excess of ammonia (I) is used for
the precipitation of Fe(OH),. This contribu-
tion, however, is clearly small; (i) the amount
of CO, evolved in samples A, C, and D
(Table 1) is smaller (one to two orders of
magnitude) than that evolved in samples B
-and E, and (ii) the measured §C* values in
samples B and E are very low, compared to
that in the atmospheric CO, during the per-
iod of the experiments (~700 per mille).

5. G. S. Bien, N. W. Rakestraw, H. E. Suess,
Limnol. Oceanogr. 10, 25 (1965); G. S. Bien
and H. E. Suess, in Radioactive Dating and
Methods of Low-Level Counting (Interna-
tional Atomic Energy Agency, Vienna, 1967),
pp. 105-115; R. Nydal, J. Geophys. Res. 13,
3617 (1968).

6. T. Rafter, N. Z. J. Sci. 11, 551 (1968).

7. M. N. A. Peterson, Science 154, 1542 (1966);
W. H. Berger, ibid. 156, 383 (1967).

8. D. Lal, in Proceedings of the Second Inter-
national Oceanography Congress (North-Hol-
land, Amsterdam, in press); D. Lal, J.
Oceanogr. Soc. Jap. 20, 600 (1962); D. Lal
and V. S. Venkatavaradan, Proceedings of

12 DECEMBER 1969

the Thirteenth Nobel Symposium on Carbon-
14, 1. U, Olsson, Ed., in preparation.

9. C. D. Keeling and B. Bolin, Tellus 20, 17
(1968).

10. M. N. Bramlette, in Oceanography, M. Sears, *

Ed. (AAAS, Washington, D.C., 1961), pp. 345-
366; G. Arrhenius, in The Sea, M. N. Hill,
Ed. (Interscience, New York, 1963), vol. 1,
p. 655.

11. Acknowledgement is made to the donors of
the Petroleum Research Fund administered

Tuhualite Crystal Structure

by the American Chemical Society for sup-
port of this research. B.L.K.S. was an ACS-
PRF fellow during the Nova Expedition. We
are indebted to H. Craig, F. S. Dixon, and
R. F. Weiss for help during the expedition
and to P. K. Talekar for assistance in
sponge processing. We thank G. Arrhenius,
W. H. Berger, H. Craig, J. Edmond, and
F. B. Phleger for stimulating discussions.

11 August 1969 ™

Abstract. As judged by crystal structure analysis, the crystallochemical formula
of tuhualite is (Na,K),VI (Fe*3),V1 (Fe*?),IV Si;4Ogy » H,0, with four such formu-
las in the unit cell. The structure is characterized by six-repeat double chains of
silicon tetrahedrons and chains of edge-sharing, alternating iron tetrahedrons and
octahedrons. Chains of each kind are connected by corner sharing to four chains
of the other type. The iron cations appear to be anomalously ordered with Fe'®

in tetrahedral and Fe*® in octahedral sites.

The mineral tuhualite () was first
found in the comendites of the Mayor
Island, New Zealand; no other occur-
rence has since been recorded. The
physical properties, morphology, and
x-ray crystallography of tuhualite, in-
cluding references to its petrogenesis,

have been reported by Hutton (2), who, ,

on the basis of an analysis of purified
material, suggested the following for-
mula as representing the empirical
unit-cell contents: H,(Na,K,Mn),,Fe,*?
(Fe+?,ALMg,Ti), (Siz045),5. However,
from three microprobe analyses of
tuhualite crystals (3) and by assuming
the water content and the ratio of
Fe+? to Fe*2 (2), we can infer the ideal
formula, (Na,K), Fe,2 Fey™ Sij40g,
H,0, with four such formulas in the
unit cell. The following crystal data are
given by Hutton (2): ¢ = 14.31, b =
17.28, and ¢ 10.11 A; space group
Cmca or C2ca; measured density, D,,
= 2.89 g cm3.

Intensity data were collected from a

small single crystal (4) by integrated
Buerger precession photographs with
Zr-filtered MoKq radiation; three layers
with a as precessing axis (2=0, 1, and
2) and the zero layer with ¢ as preces-
sing axis were taken. The intensities,
measured with a Nonius microdensit-
ometer, were corrected for Lorentz and
polarization factors; no transmission
factor correction was applied.

If we take into account that in tuhua-
lite b~ 3" ¢, a close relation can be
observed between the cell data of tu-
hualite and osumilite (K,Na) (Mg,
Fe+?), (ALFe*®); (Si,Al);,0,, H,0,
with @ = 10.155, ¢ = 14.284 A, and
space group P6/mcc (5). These rela-
tions, together with the examination of
the Patterson projection along [100],
gave the key for the solution of the
structure. This projection showed a
very strong peak at coordinated v =
0.090 and w 1/4; this peak corre-
sponds to an interatomic distance of
2.96 A, very close to the distance 2.93 A

T.able 1. Atomic coordinates for tuhualite. Figures in parentheses signify standard deviations
with reference to the last significant figures given. B is the temperature factor.

Atom x y 2 B(A%)
Fe(1) 0.2484(9) 0 0 1.1(1)
Fe(2) 1/4 --0.0945(2) - 1/4 0.5(1)
Si(1) 0.3906(7) - 0.1321(4) 0.0118(7) 0.7(1)
Si(2) 0.3894(6) 0.0704(3) 0.3060(8) 0.6(1)
Si(3) 0.3902(6) 0.1894(3) 0.5434(7) 0.5(1)
O(1) 0.3692(15) 0.2246(8) —0.0094(18) 1.1(3)
0(2) 0.3298(17) 0.0797(7) —0.0876(15) 0.4(2)
0(3) 0.3643(20) 0.1105(10) 0.1619(20) 1.5(3)
04) 0.3295(11) —0.0051(8) 0.3370(15) 0.4(2)
0(5) 0.3639(19) 0.1358(9) 0.4107(18) 1.1(3)
0(6) 0.3292(18) 0.1710(7) 0.6674(18) 0.9(3)
o(7) 1/2 0.1130(12) —0.0090(28) 1.0(3)
0(8) 1/2 0.0532(12) 0.3068(31) 1.3(4)
0(9) 1/2 0.1790(13) 0.5792(31) 1.8(4)
Na 1/4 0.2197(7) 1/4 ' 1.8(2)
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between (Mg, Fe*2)VI and (AlFe™)!V in
osumilite. A strong peak with such co-
ordinates is consistent with the exist-
ence of two iron atoms at the center
of edge-sharing polyhedrons, in special
positions 0.090 and 1/4 part in y and
z coordinates, respectively, and with
equal or nearly equal x coordinates.
Therefore, the space group C2ca is
ruled out. In space group Cmca two
possibilities arise: (i) Fe(l) in 8c at
1/4,1/4,0 on a symmetry center and
Fe(2) in 8e at 1/4,0.160,1/4 on a bi-
nary axis; (ii) Fe(l) in 8d at~
1/4,0,0 and Fe(2) in 8¢ at 1/4,—0.090,
1/4, both on a binary axis.

In the latter case, Fe(1) and Fe(2)
have to be in tetrahedral and octahedral
coordination, respectively, with the two
polyhedrons sharing an edge. Thus a
chain of alternating tetrahedrons and
octahedrons develops along the ¢ direc-
tion; a similar chain is found along the
a axis of osumilite. The three tetra-
hedrons corresponding to the three sili-
con atoms of the asymmetric unit were
connected to the chain of iron poly-
hedrons, as suggested by the crystal
structure of osumilite. The symmetry
operations of the space group give rise,
from these three silicon tetrahedrons,
to a six-repeat double chain which links
together the four chains of alternating
iron tetrahedrons and octahedrons run-
ning in the unit cell. The sodium cation
was placed, on the basis of stereochemi-

S Fel(d)

Table 2. Metal-oxygen distances (in ang-
stroms =+ 0.02). An asterisk is used to dis-
tinguish equivalent atoms.

Bond g Bond o
Si(1)-0(1) 1.64  Fe(1)-2 0(2) 2.01
Si(1)-0(2) 1.61 Fe(1)-2 O(4) 199
Si(1)-0(3) 1.61
Si(1)-0(7) 1.61
Si(2)-0(3) 1.65  Fe(2)-2 O(2)* 2.02
Si(2)-0(4) 1.59  Fe(2)-2 0(4) 211
Si(2)-0(5) 1.59  Fe(2)-2 O(6)* 1.93
Si(2)-0(8) 1.61
Si(3)-0(1)*  1.61 Na-2 O(3) 2.65
Si(3)-0(5) 1.67 Na-2 O(5) 272
Si(3)-0(6) 1.56 Na-2 0(6)* 2.36
Si(3)-0(9) 1.67

cal considerations, in special position
8e at 1/4,0.22,1/4.

The trial model was tested by a
structure factor calculation. The relia-
bility index (R) for the 369 observed
reflections was 0.39. Five cycles of full-
matrix least-squares refinement lowered
the R value to 0.081. Unit weights were
attributed to all the reflections, and the
form factors for the dominant ion in
the various structure groups (that is,
Na, Fe, Si, and O) were used. Posi-
tional coordinates and isotropic tem-
perature factors at the present stage of
refinement are presented in Table 1.

A description of the main features
of the structure (Fig. 1) is implicit in

b/2

Fig. 1. Projection along [100] of one-half of the unit cell (x = 0 to x = 14). The

second half is obtained by reflection in a mirror plane at x = ¥%; this mirror plane
passes through the O(7), O(8), and O(9) oxygen ions and doubles the silicate chain,
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the preceding construction of the trial
model. In the conventional classification
of silicates developed by Bragg, tuhua-
lite should take its place among the
chain silicates, opening a new subgroup
characterized by six-repeat double
chains of silicon tetrahedrons. The
chains are winding and link together
four chains of edge-sharing iron poly-
hedrons. These last chains in turn con-
nect, by corner sharing, four double
chains of silicon tetrahedrons.

Zoltai (6) has proposed a classifica-
tion of tetrahedral structures based on
the degree of polymerization of tetra-
hedral units irrespective of their chem-
istry., With Fe(l) in the system of
linked tetrahedrons, tuhualite displays
a framework-like structure, with a ratio
between the number of tetrahedral cat-
ions and oxygen anions of 14:30. The
tetrahedral framework is interrupted in
only 2 out of 15 oxygen atoms; they
are two symmetry related O(6) atoms.
Whereas the silicon tetrahedrons are
regular, the tetrahedron around Fe(1)
is highly distorted because of the shar-
ing of edges with the Fe(2) octahedron,
which in turn is markedly flattened.
The sodium cations are placed in the
open channels paralleling @, with an
irregular sixfold coordination. As in the
structure of osumilite, the water mole-
cule should be randomly distributed in
these channels.

A feature of the crystal structure of
tuhualite arose in connection with the
analysis of the bond lengths (Table 2).
The chemistry of the mineral suggested
an ordering of Fet? and Fe** cations
among the tetrahedral and octahedral
sites; for the normal ordering, with Fe'?
in tetrahedral and Fe*® in octahedral
sites, as suggested by crystal field sta-
bilization energies, Fe(1)~0O and Fe(2)-O
should have mean bond lengths of 1.86
and 2.13 A, respectively (7). The ob-
served values, 2.00 and 2.02 A, match
those calculated for Fe*2 in tetrahedral
coordination and for Fe*? in octahedral
coordination, 1.99 and 2.00 A, respec-
tively (7). This anomalous distribution
of Fet? and Fe+® cations appears to be

‘reasonable on the basis of its conform-

ity with Pauling’s electrostatic valence
rule (8). The normal distribution, with
Fet2 in octahedral sites, should result
in a highly undersaturated O(6) anion,
with an electrostatic valence bond
strength ¢ = 1.50. The underbonding
is partly removed by the ordering of
Fe*3 cations in octahedral sites, thus
giving ¢ a value of 1.67 for O(6) anion,
The remaining undersaturation is com-
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pensated by shortening of metal-oxygen
interatomic distances involving O(6)
atom (Table 2).

The formula inferred from the mi-
croprobe analysis presented by Nicholls
and Carmichael (3) was confirmed by
the crystal structure analysis, which re-
vealed the crystallochemical formula

(Na,K)2VI (Fe+:x)2vl (Fe”) 2‘[\' Si‘IZOSO'HZO

STEFANO MERLINO
Istituto di Mineralogia e Petrografia,
Via S. Maria 53, 56100 Pisa, Italv
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Interstellar Scintillations of Pulsar Radiation

Abstract. Time fluctuations in the intensity of pulsed radiation from CP 0834,
CP 1133, AP 1237, and CP 1919 have been investigated. Power spectra, modula-
tion indices, frequency distributions, and decorrelation frequencies are consistent
with scintillation theory. If it is assumed that these scintillations are due to irregu-
larities in the interstellar medium that travel at a velocity of 20 kilometers per sec-
ond, the irregularities have a scale size on the order of 10% kilometers and a dis-
tance from the earth of approximately 70 parsecs. These interstellar scintillations
would not have been observed if the apparent angular diameters of the pulsars
were larger than 0.3 X 10—5 second of arc, and they would cause even a point
radio source to have an apparent angular diameter of approximately 103 second

of arc at 318 megahertz.

Recent observations of the time fluc-
tuations in the intensity of pulsar radi-
ation are consistent with the predictions
of scintillation theory. These observa-
tions reinforce the evidence (I) for an
interstellar plasma between the earth
and the pulsars. If we assume that the
scintillations are interstellar (2), the
size of the diffracting irregularities and
their distance from the earth may be
calculated.

Pulsars CP 0834, CP 1133, AP 1237,
and CP 1919 were observed at Arecibo
Ionospheric Observatory. Radiometers
were used with 10-msec time constants
and the following combinations of radio
frequency and bandwidth: 111 Mhz—
125 khz, 195 Mhz-500 khz, 318 Mhz-
500 khz, and 430 Mhz-1 Mhz. The
111- and 430-Mhz antennas were cir-
cularly polarized, and the 195- and
318-Mhz antennas were linearly polar-
ized.

Pulse intensities (ON intensities) were
calculated by integrating the power
within windows of data which were
200 msec wide and centered on
each pulse. Intensities due to system
noise (OFF intensities) were similarly
calculated for windows centered mid-
way between pulses. A more complete
description of the method of calcu-
lating these intensities is given by Love-
lace and Craft (3).
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In order to minimize the noise con-
tribution to the oN intensities, the in-
tensity data were smoothed by replac-
ing each intensity point with the aver-
age of the 50 succeeding points. Power
spectra of the fluctuations of the onN
intensities about the mean value were
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then measured on arrays of 4096 points
of intensity (Fig. 1). A similar spec-
trum for the OFF intensities was un-
detectable on the scale of Fig. 1. The
spectra of CP 1133, AP 1237, and CP
1919 have widths which are propor-
tional to A1-0*0.2 where A is the wave-
length. These widths give time scales
for the fluctuations which are in agree-
ment with the more qualitative results
of other observers (3-6). A study of
other features in the spectra of CP
1919 has also been made (7).

Some examples of the frequency
histograms calculated for the onN and
OFF intensities are shown in Fig. 2.
After calculating the average intensity
of the oN data, Iy, I formulated these
histograms by counting the number of
times an intensity I fell within the inter-
val Iz (Iyx/20.0). Although the onN
frequency distribution is actually the
convolution of the pulse frequency dis-
tribution with the OFF frequency dis-
tribution, the OFF histogram is narrow
enough to show that an exponential
distribution of pulse intensities is con-
sistent with the observed data. Also
shown in Fig. 2 is the relative root-
mean-square value M of the intensity
fluctuations about the mean intensity.
This modulation index and the param-
eter £, which measures the skewness of
the on distribution, were. calculated
according to the procedure of Cohen
et al. (8). An exponential distribution
of intensities, and values of M and ¢
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.Fig. 1. Power spectra of the fluctuations in the pulse intensity of pulsars about the mean
intensity. The frequency resolution is approximately 0.00025 hz, and the effective

Nyquist frequency is approximately 0.01 hz.

1401



