Table 1. Two elemental analyses of organic
mat. Oxygen determined by difference; no
halogens were detected.

Element (%)

C H N S o
58.65 7.45 0.73 8.67 24.50
59.77 7.85 .70 8.60 23.08

and vascular plants do so by 20 to 30
per mille relative to the starting COs,.
Thus, no single-step photosynthetic
process could have produced the meas-
ured enrichments. Methane bacteria can
effect fractionations of §C!? = —67.5
per mille during the degradation of
methanol to methane under laboratory
conditions (/7); the carbon dioxide pro-
duced during this process was depleted
in C!2 relative to the starting metha-
nol.

Thus it appears that a mat is the
end member of a series of transforma-
tions in which several fractionation
steps have occurred. We consider two
possibilities:

1) The release along fissures of
methane, from either petroleum or gas
reservoirs, or related to thermal ac-
tivity; oxidation of this methane to car-
bon dioxide, and its subsequent fixa-
tion either photosynthetically by la-
goonal algae and bacteria or chemo-
synthetically by sulfur-oxidizing bac-
teria.

2) Release of carbon dioxide at the
bottom of a lagoon during anaerobic
decomposition of algal and terrestrial
plant remains; photosynthetic fixation
of this CO, at the surface, and re-
cycling.

In either case, dilution by dissolved
and atmospheric carbon dioxide would
occur. The C'¢ ages determined de-
mand that such dilution occurred if
step 1 was operating.

Our results point strongly to deriva-
tion of both the fractionation and or-
ganic material from vital processes in
situ. It is further suggested (/) that
these processes are also responsible for
the high concentration of elemental sul-
fur localized in this area. It is obvious,
however, that a complex set of condi-
tions may have prevailed. The ability
to test such relatively young material
points to the dangers of offering inter-
pretations of isotope ratios of old or-
ganic matter where single-step frac-
tionations are invoked.
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Radio Sources: Angular Size from Scintillation Studies

Abstract. The frequency spectrum of fluctuations caused by interplanetary
scintillations may give a sensitive estimate of the diameter of a radio source.
Observations of 3C 138, 3C 245, 3C 267, and 3C 273 give diameters of 0.1,
= 0.04, = 0.2, and = 0.02 second of arc, respectively. Resolution is at least a
factor of 5 higher than that obtained to date by means of either radio inter-

ferometers or lunar occulations.

A radio source may scintillate when
observed close to Sun because the rays
are diffracted by irregularities in the so-
lar wind. These interplanetary scintilla-
tions (/) occur only for very narrow
sources because a wide source produces
overlapping fluctuation patterns on the
ground and the net fluctuations are
smoothed out (2).

Suppose the scintillations are pro-
duced in a layer of thickness L << z,
where z is the distance from Earth (Fig.
1). A source consisting of two points
separated by # produces patterns sepa-
rated laterally by #z. A source spread
continuously through the angle # pro-
duces a smearing over distances fz. If
the scale S of the diffraction pattern
caused by the irregularities themselves
(the point-source pattern) is much
greater than 6z (S§/8z >> 1), the source

behaves as a point source. If §/0z<<1,
there are no scintillations.

In intermediate cases, the pattern is
the convolution of the point-source pat-
tern with the brightness distribution of
the source. If § is known, limits can be
placed on the diameter of a source ac-
cording to whether or not it scintillates
(I, 2). A much more sensitive estimate,
however, can be obtained by measuring
the scintillation spectrum.

Figure 1 shows that all Fourier com-
ponents with wavelength shorter than
about 20z are smoothed out. If the
screen is moving parallel with itself
with velocity u, the diffraction pattern
also moves with velocity u. An observer
at a fixed station sees the pattern as a
function of time, and the frequency
spectrum is cut off at f, ~ u/(26z). If
the cutoff frequency can be measured,

Table 1. Details of four radio sources (see text). Int, interferometer; occ, occulation; ct,

component(s).
. . Posn. Linear
Source Dl(asr;e)ter g?};}tl:ﬁ angle AN No diameter Remarks
2 (deg) (parsec)
3C 138 ~0.1 0.8 (195) 015 Int: ~ 0”7.5 (11)
3C 138 7 (430)
3C 245 < .04 > .3 (430) 145 1.029 (5) <145 Int: > 12” (6); occ:
ct < 075 (12)
3C 267 < .2 > .3 (430) 037 Int: ~ 477 (13);
< 0.7 (14)
3C 273 < .02 2 (195) 160 0.158 (10) < 34 Int: ct < 07.1 (6);
3C 273 .3 (430) oce: ct < 17 (15);
3C 273 > .3 (611) ct < 0”715 (7)

745



oSS

.

Fig. 1. Diffracting screen of thickness L
and height z. Components of source sep-
arated by 6 produce diffraction patterns
identical but separated by 0z.

then the angular size of the source can
be estimated from § ~ u/(2f,z). A more
detailed analysis, if one assumes a gaus-
sian source, gives the value of the half-
power angular width ¢ as 0.266 u/f,z,
where f, is the standard deviation of
the (gaussian) frequency spectrum.

We have observed (3) interplanetary
scintillations at three frequencies: 195,
430, and 611 MHz. Intensity at each
frequency is recorded digitally, and the
fluctuation spectrum (4) is calculated.
We have observed the three quasi-stel-
lar sources (quasars) 3C 138, 3C 245,
‘and 3C 273 when they were close to
Sun (within 7°). At this elongation the
root-mean-square phase deviation ¢, >
1 (at 195 and 430 MHz); S is reduced
below a, the scale of the phase-fluctua-
tion spectrum on the screen (/); and
there is increased opportunity to meas-
ure a cutoff frequency. We have seen
a cutoff at f ~ 1.5 cy/sec for 3C 138
(at 195 and 430 MHz) and no sign of
a cutoff for 3C 245 for f = 5 cy/sec
(at 430 MHz); nor for 3C 273 for f =
10 cy/sec (at 195 and 430 MHz). (The
611-MHz data always give a weaker
limit, and we have no 195-MHz data
for 3C 245.) An angular diameter y
may be inferred from these observa-
tions by use of u = 350 km/sec and z
=1 A.U. (astronomical unit) (see Table
1, column 2).

Column 3 of Table 1 gives a rough
estimate of the relative strength of the
narrow component of the source; this
is made by measuring the minima of
the scintillation pattern and by assuming
that the radiation from the narrow
component can go to zero in the strong
scattering regime. In some instances we
are not certain of the regime and in-
dicate only a lower limit to the relative
strength; frequency in megahertz ap-
pears in parentheses.
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We also list in Table 1 source 3C
267 as an example of a source not
previously known to have a small diam-
eter component; the diameter limit is
higher than the others because the ob-
servations were made farther from the
sun (~12°) where ¢, <'1 (at 430 MHz,
the only frequency used) and S ~ a.

Column 4 of Table 1 gives the posi-
tion angle for the observations, assum-
ing a radial motion for the irregu-
larities. Column 5 gives the redshift
AM A, where it is known. Column 6
gives the linear diameter, obtained by
assuming: the redshift to have a cos-
mological origin, H = 100 km sec—!
Mpc—1 (megaparsec), and g, = +1 (5).
Column 7 gives other diameter infor-
mation, obtained from interferometer
and occultation observations.

This interpretation of the scintilla-
tion observations is consistent with
the occultation observations, but is par-
tially inconsistent with the interfer-
ometer observations. In the case of
3C 245 and 3C 267, the discrepancy
may be explained by the weak relative
strength of the narrow component and
the resulting poor visibility. We are
able to establish diameter limits a fac-
tor of at least 5 smaller than limits set
by either interferometer (6) or lunar
occultations (7).

The upper limit to the linear dimen-
sion of the component of 3C 273, 34
parsecs, is the smallest dimension yet
measured in an extragalactic radio
source. The observed temporal varia-
tions of the source (8) suggest that the
dimensions are much smaller yet: possi-

bly a few light years for the radio
source and only light weeks for the opti-
cal source. Our measured limits are also
consistent with the theory of synchro-
tron self-absorption, which predicts
diameters of 10—2 to 10—* seconds of
arc for sources with curved spectra (9).
A full account of these observations,
with a detailed theory of the inter-
planetary scintillations, is being pub-
lished elsewhere.
M. H. CoHeN, E. J. GUNDERMANN
H. E. HARDEBECK, D. E. HARRIS
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Movement Directions in Late Paleozoic Glacial Rocks

of the Horlick and Pensacola Mountains, Antarctica

Abstract. Striae and associated structures beneath and within the Buckeye
Tillite in the Ohio Range of the Horlick Mountains show that Permian(?)
glaciers moved toward the west-southwest. Striae in the Wisconsin Range of the
Horlicks display similar orientation, but the sense of movement could not be
determined. Paleoglaciers in the Neptune Range and the Cordiner Peaks of the
Pensacola Mountains moved toward the south-southwest with some dispersion.
Paleocurrents flowed parallel to ice motion in the Ohio Range and in the
Pensacolas, but they also flowed toward the north-northeast in the Pensacolas.

Glacial deposits of late Paleozoic
age were discovered in 1960 (/) in the
Ohio Range of the Horlick Mountains
(Fig. 1). Similar rocks were subsequent-
ly found in the Wisconsin Range of
the Horlick Mountains (2) and in the
Pensacola Mountains (3). During the
austral field season of 1965-66, the

Ohio Range glacial deposits and those
of the Wisconsin Range and the Pen-
sacola Mountains were studied (4). We
now report the paleoglacial and asso-
ciated paleocurrent directions for three
areas in Antarctica for which there
has been a paucity of such informa-
tion.
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