for x-ray emission by the synchroton
process. As Felten points out in a
recent discussion (8), the lifetime prob-
lem is already difficult to explain, even
for the optical emission.

If the identification of the x-ray
source with 3C 273 is correct, the
x-ray luminosity is 500 times as great
as that of M 87. The addition of the
x-ray luminosity to the existing spec-
trum of radio, infrared, and visible
luminosity does not significantly change
the total energy budget of radiation.
Most of the luminosity still appears in
the infrared. The existence of at least
three additional sources in the region
scanned, at flux levels comparable to
3C 273 but without evidence of radio
emission, is suggestive of radio-quiet
and invisible quasars as proposed by
Shklovsky (9). Both Shklovsky (9) and
Burbidge, Burbidge, and Sandage (10)
have remarked upon the quasar-like
properties of Seyfert galaxies. Shklov-
sky has proposed that the high-excita-
tion optical-emission lines may be
x-ray excited and that those Seyfert
galaxies, which are weak at long radio
wavelengths have an “invisible quasar”
luminosity in the sub-millimeter and
infrared range. The x-rays may be
produced by inverse Compton scatter-
ing of the relativistic electrons on the
synchrotron radiation. Osterbrook (I7)
has also considered x-rays as the
source of optical excitation in M 87,
but attributed the x-ray emission to
stellar coronas.

Byram, Chubb, and Friedman (4)
had suggested, on the basis of their
1965 survey, that the so-called diffuse
background was due to unresolved
sources. The present survey of a limited
region does not permit any clear res-
olution of the question of the existence
of a truly diffuse background. It is
surprising to find several x-ray sources
as bright as 3C 273 in a region where
no radio sources within a factor of 10
of the brightness of 3C 273 exist.
Despite the statistical uncertainty of
deductions from this small sample, it
would not be inconsistent to consider
the unresolved background wunderlying
the observed sources to be composed of
a host of weaker sources. The discrete
sources, exclusive of M 87, constitute
about 30 percent of the total flux, and
there are suggestions of weaker un-

resolved features in the residual back-

ground. Inclusive of the discrete
sources (except for M 87), the back-
ground flux (1 to 10 A) is 9 X 108
erg cm—2 sec—! ster—! if we assume
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a synchrotron spectrum of index —1.
This is identical with the results ob-
tained in 1965 with a pair of counters
—one equipped with a 1-mil Mylar
window, the other with 14-mil Mylar.
The counters with ¥s-mil Mylar win-
dows, which were used in the present
measurement, had a spectral efficiency
(1 to 10 A) 70 percent greater than the
combination used in 1965. Most of the
increased efficiency falls in the range
6 to 15 A. We conclude that there
is no evidence for interstellar absorp-
tion in the 6- to 15-A range toward
high galactic latitudes.

The question of the existence of a
diffuse x-ray background is relevant to
several major astrophysical concepts.
It has been pointed out (7, 12) that
evidence of such a background would
test estimates of the density of inter-
galactic gas, the existence of the 3°K
blackbody radiation, and the univer-
sality of the cosmic rays. It is, there-
fore, essential to survey additional
regions of the sky and to improve
resolution and sensitivity still further
with a view to detecting the existence
and level of a truly diffuse background.
Unfortunately, it is difficult to achieve
further gains in resolution and sensi-
tivity with the Aerobee system. Larger
rocket payloads and particularly the
longer observing times of satellites are
essential.

Before it is possible to do much more
than speculate on the nature of the
x-ray sources, tentatively identified with
3C 273 and M 87, it will be neces-
sary to obtain evidence of the x-ray
luminosities of other representative ob-
jects, to monitor their intensity varia-
tions, and to obtain more definitive
spectral data. Again, progress can best
be made with satellites affording point-
ing capabilities for the prolonged ob-
servation of discrete sources.

H. FRIEDMAN

E. T. ByraM
E. O. Hulburt Center for Space
Research, Naval Research Laboratory,
Washington, D.C. 20390
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Indium Variations in a Petrologic
Suite of L-Group Chondrites

Abstract. Indium concentrations have
been determined by neutron activa-
tion in four members of each of the L3,
L4, L5, and L6 chondritic meteorite
classes. The range of concentrations
is found to be from 0.14 to 22 parts
per billion, with the highest values in
L3 chondrites and the lowest values
in the L5 and L6 classes. Plots of
indium concentration versus relative
mean deviation of pyroxene iron con-
tent, total carbon concentration, and
primordial argon-36 concentration show
positive correlations to varying degrees.
Indium concentration appears to be
a valuable parameter relating to vari-
able formation conditions of the chon-
dritic meteorites during the early his-
tory of the solar system.

Van Schmus and Wood (Z) have pro-

.posed a new classification of chondritic

meteorites, in which they divide the
various chondritic classes into sub-
classes based on petrologic type. The
L-group ordinary chondrites are as-
signed by these authors to the four
grades L3, L4, L5, and L6. We have
determined indium by neutron activa-
tion in four members of each of these
subclasses (2). The concentration of
indium is found to range from 0.14
to 22 parts per billion, and to cor-
relate well with such sensitive indica-
tors of thermal history as primordial
argon-36 concentration, carbon concen-
tration, and the spread in composition
of silicate minerals.

Results are listed in Table 1, as are
the names and petrologic types of the
chondrites (3). Each result is the mean
of two or more replicate determina-
tions made on separate 0.6-g chips
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of the chondrites (with the exception
of Knyahinya and New Concord). The
relative standard deviation of an indi-
vidual determination is about 15 per-
cent, except for the chondrites having
very low indium concentrations, where
a variable blank causes a small increase

in the errors. Our results (2) show
good agreement with those of Smales
(4) and Schmitt and Smith (5).

The division by Van Schmus and
Wood of isochemical chondritic classes
into petrologic subclasses is based main-
ly on mineralogical and textural evi-
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Fig. 1. Indium concentration versus relative mean deviation of pyroxene composition

in a petrologic suite of L-group chondrites. For abbreviations, see Table 1.

Fig. 2.

Indium concentration versus total carbon concentration in a petrologic suite of L-group

chondrites. For abbreviations, see Table 1.

Fig. 3. Indium concentration versus

primordial Ar® concentration in a petrologic suite of L-group chondrites. Argon-36
concentrations are measured at standard temperature and pressure. For abbreviations,

see Table 1.
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dence. Type-3. stones contain primary
isotropic glass, whereas glass is turbid
or absent in type-4 stones, and non-
existent in higher types. Textural in-
tegration is advanced in types 5 and
6, in the latter to the extent that chon-
drules are no longer sharply defined.

"One of the most useful criteria for
distinguishing L3 and L4 from each
other and from L5 and L6 is the vari-
ability of iron content in olivine and
pyroxene. Chondrites in group L3 have
relative mean deviations of olivine com-
position which are greater than 5 per-
cent, L4 chondrites have mean devia-
tions in the range 2.5 to 5 percent,
and L5 and L6 chondrites show mean
deviations which are less than or equal
to 2.5 percent. The value of 2.5 per-
cent is set by the precision limits of the
electron microprobe technique which
was used to determine the composi-
tions (6). The deviations of pyroxene
are somewhat larger than those for
olivine in a given chondrite. This re-
sults partly from a precision poorer
by about 5 percent, and partly from
the fact that higher temperatures are
necessary to homogenize initially vari-
able pyroxene.

The most extensive collection of data
on the variability of olivine and py-
roxene composition is given by Dodd,
Van Schmus, and Koffman (6). Figure
1 shows a plot of indium concentration
versus relative mean deviation of py-
roxene, expressed in percent. As noted
above, any variations in L5 and L6
«chondrites are below the detection
limit of the microprobe technique; we
have arbitrarily plotted LS indium data
at a mean deviation of 2 percent, and
L6 data at 1 percent. The plot shows
a strong correlation between indium
concentration and variations in pyrox-
ene composition. A plot of indium
versus olivine composition would be
quite similar.

Another variable which has been
found to be correlated with petrologic
type is the concentration of carbon (in
all chemical forms). Figure 2 shows a
plot of indium concentration versus
total carbon concentration data re-
ported by Moore and Lewis (7) for 11
of the 16 chondrites which we have
studied. A correlation is observed, but
one which is relatively weak. The range
of carbon concentration in these chon-
drites is almost exactly a factor of 10.
It is of interest to note that the in-
creased carbon contents of the black
chondrites, Farmington and Ergheo,
are not paralleled by similarly high in-
dium contents.
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Table 1. Petrologic types and indium con-
centrations (in parts per billion, ppb) in a
suite of L-group chondrites.

Type Chondrite Aggge;:n 3 I?;;‘;r;l
3 Khohar Kh 21
3 Krymka Kr 8.5
3 Manych Ma 9.1
3 Mezo-Madaras MM 22
4 Barratta® Ba 9.1
4 Bjurbole Bj 1.3
4 Cynthiana Cy 0.86
4 Tennasilm Te 2.8
5 Ergheo* Er 0.31
5 Farmington - Fa 17
5 Knyahinya Kn .62
5 Shelburne Sh .14
6 Holbrook Ho 54
6 Kyushu Ky 15
6 Modoc (1905) Mo .20
6 New Concord NC .63

* These meteorites are fresh-appearing finds; we
do not believe it likely that weathering has
altered their indium contents, but this possibility
cannot be ruled out.

Zihringer (8) has pointed out that
the concentration of primordial (as
opposed to cosmogenic) Ar3¢ in chon-
drites increases as one passes from L6
to L3 grades of chondrites. Figure 3
shows a plot of indium concentration
versus primordial Ar3® concentration
data given by Zidhringer (8) and Hey-
mann and Mazor (9). A strong correla-
tion is observed. Bars are shown con-
necting the extremes of reported values
for Krymka and Mez6-Madaras. The
correlation is quite strong.

As pointed out by Urey (J0) and
Anders (II), continuous depletion se-
quences of two trace elements of differ-
ing volatility such as shown here can-
not be the result of differing degrees
of heating of a material of initially
uniform composition. Such processes
tend to lead to complete depletion or
complete retention, partial retention be-
ing feasible only over a narrow range
of temperatures differing from element
to element. Anders (1) has proposed
that such effects have arisen from se-
lective condensation processes during
the early evolution of the solar sys-
tem, followed by differing admixtures
of “low-temperature” and ‘high-tem-
perature” source materials. An alterna-
tive explanation by Wood (72) that vent-
ing in the chondritic parent body would
have removed equal fractions of vola-
tiles such as Ar3® and indium seems
much less likely, though the issue is by
no means settled.

It is curious to note that none of
the four parameters which we have
plotted are capable of distinguishing
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L5 and L6 chondrites. It may be that
the mineralogical and textural distinc-
tions which are observed between these
two classes have resulted from proc-
esses distinct from those which have
caused the variations in concentration
of indium and other substances. Per-
haps the latter processes originated in
the condensing solar nebula, whereas
the former processes reflect different
degrees of heating within the parent
body, under closed-system conditions.

Indium concentration appears to be
an excellent indicator of differences in
the evolutionary history of L-group
chondrites. The indium contents of these
objects vary over a factor of at least
150, and mean contents can be meas-
ured to a precision of about =+ 20 per-
cent at a 95 percent confidence level.
The ranges of measurable variations
in mean silicate-mineral deviations and
in carbon content are considerably
smaller. Primordial Ar36 shows a similar
range, but the concentration data on
this substance show somewhat more
scatter, perhaps partly as a result of
losses by diffusion. Recent data on pri-
mordial Xel32 guggest that it may show
variations similar to those found for
Ar36, but with less evidence of diffu-
sion losses (13).

Our data provide strong support for
the validity of the Van Schmus—Wood
classification. The only object which
seems to be out of place is Barratta.
The indium concentration in this ob-
ject suggests that it should be a mem-
ber of the L3 subclass. This conclu-
sion is not supported by the data on
the other parameters discussed above,
however, with the exception of Xel32,

Data that would result from a study
of more representatives of the differ-
ent L-group classes, and from investi-
gations of petrologic suites of other
classes of chondrites, if combined with

data on other thermal indicators, should
lead to a better understanding of events
which took place during the early his-
tory of the solar system.
S. N. TanpoN

JouN T. WASSON
Department of Chemistry and
Institute of Geophysics and
Planetary Physics, University of
California, Los Angeles 90024
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Chromium and Nickel in the Fig

Tree Shale from South Africa

Abstract. Exceptionally high contents of chromium and nickel in shales from
the early Precambrian Fig Tree series of South Africa (> 3.1 X 10° years old)
suggest that the ancient crustal rocks from which these sediments were derived

were ultramafic in composition.

The Fig Tree series of the Upper
Swaziland System in the eastern Trans-
vaal comprises several thousand feet
of shale, grit, and graywacke together
with well-developed horizons of chert,
jasper, and ironstone (7). Sediments

from the Fig Tree series are of con-
siderable interest because of their ex-
treme age; isotopic investigations indi-
cate an age of deposition exceeding
3 X 10° years (2).

A total of 251 South African argil-
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