fit to the observed data is also shown.
The regression yields a correlation coef-
ficient between Al and silica of 0.90. This
correlation suggests that the concentra-
tion of dissolved Al in the water column
is controlled by the same mechanism
that controls dissolved silica.

Several investigators (3, 10) concluded
that the distribution and concentration of
dissolved silica in the oceans are regulat-
ed by the biological activity of diatoms.
Our profile of dissolved Al and its covari-
ance with dissolved silica observed in
the Mediterranean Sea support the hy-
pothesis that there is a link between the
Si and Al cycles in the oceans through
the activity of diatoms. The coupling of
the cycles of Al and Si within the oceans
through the activity of diatoms implies
that the Al cycle is very similar to the Si
cycle established by Wollast (10). If we
assume that the Al/Si ratio in diatom
frustules is approximately 0.001 (1) and
the average concentration of dissolved
Al in river waters is 25 ug/liter (12), then
a cycle for Al in the oceans, completely
analogous to that for Si, can be con-
structed (Fig. 4). This cycle may main-
tain the oceans at steady state with re-
spect to dissolved Al. Furthermore, Fig.
3 gives an average Al/Si ratio in seawater
near Corsica of about 0.008. This is with-
in the range of values observed for Al
and Si in diatom frustules (11).
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1400-Million-Year-Old Shale-Facies Microbiota from the
Lower Belt Supergroup, Montana

Abstract. Carbonaceous shales of the Middle Proterozoic Newland Limestone,

Belt Supergroup, Little Belt Mountains, Montana, contain abundant and well-pre-
served filamentous and spheroidal microfossils. The filamentous forms, ranging from
less than 1 to 12 micrometers in width, are interpreted as representing the preserved
sheaths of at least four species of nostocalean cyanophytes. The spheroidal forms,
ranging from 15 to 108 micrometers in size, are evidently planktonic forms and are
tentatively interpreted as representing the encystment stage of eukaryotic algae. The
Newland microbiota is adaptable to petrographic thin-section work, and useful for
evaluating the potential of such microfossils for intercontinental biostratigraphic
correlation. It is the oldest shale-facies microbiota presently known from North
America.

During the past 15 years, knowledge of
Precambrian life has advanced rapidly
with the discovery of more than 30 well-
preserved microfossil assemblages (I -3).
Most of the Precambrian microbiotas
studied in North America occur in stro-

matolitic cherts; the constituent micro-
fossils largely represent shallow-water,
benthic mat communities (2). Such com-
munities may not embrace the entire
spectrum of Precambrian life 2, 4-6).
Furthermore, some of these microbiotas

i ]
20um $20um

Fig. 1. Optical photomicrographs (transmitted light) of microfossils in petrographic thin sections
of carbonaceous shales from the Newland Limestone, Little Belt Mountains, Montana. All thin
sections, except (F), are oriented parallel to bedding; (F) is oriented perpendicular to bedding.
Small-diameter filaments (A to C, F, and G), large-diameter filaments (D and E), and spheroids
(H to J) are shown. Filaments shown in (C) and (F) are of comparable dimension and degree of
preservation but are viewed in different orientations [(C) is viewed in a thin section ground
parallel to bedding; (F) in a section ground perpendicular to bedding]. In (G), a diagenetic
feldspar grain (arrow) is shown disrupting a filament. Bar for scale is 20 «m in each photomicro-
graph.
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Fig. 2. Size range of filamentous microfossils
measured in shales from the Newland Lime-
stone (44 cm? was scanned in six thin sections
oriented parallel to bedding).

were apparently preserved by encase-
ment in primary amorphous silica (7) and
thus may have been further restricted by
an anomalous chemical environment (2).
Precambrian microfossils are known
from lithologies other than stromatolitic
cherts. They have been described from
calcareous stromatolites (8); however,
they typically are poorly preserved in
such rocks because the organic material
was disrupted during diagenetic recrys-
tallization of the carbonate minerals. Mi-
crofossils have also been studied in Pre-
cambrian shales. The majority of such
investigations were conducted in the So-
viet Union (9) and in western Europe (6).
Shale facies provide an opportunity to
sample planktonic organisms which may
not be as environmentally restricted as
the benthic mat, chert-facies microbiotas
which provide most of our current un-
derstanding of Precambrian life (6, 10,
11). Moreover, shale-facies microfossils
have potential value for biostratigraphic
correlation of Proterozoic sedimentary
sequences (6, 9). Except for carbo-
naceous films and compressions occur-
ring in the 1300-million-year-old Greyson
Shale (5), well-preserved microbiotas
thus far described from North American
shales (11, 12) are all of Late Proterozoic
age (less than 900 million years old).
The shale-facies microbiota reported
here was obtained from black shales of
the approximately 1400-million-year-old
(13) Newland Limestone of the Belt Su-
pergroup (/4) from a road cut along
U.S. Highway 89 about 7 km southeast
of Neihart, Montana. Acid macerations
were prepared with standard palynologi-
cal techniques (15); optical microscopy
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“of water mounts revealed the presence of

numerous organic filaments measuring a
few micrometers in diameter and of rela-
tively rare organic spheroids measuring
several tens of micrometers in diameter.
Because of limitations inherent in the
study of such macerations, however,
these initial observations proved neither
whether the detected microstructures
were indigenous to the shale nor wheth-
er they were syngenetic with deposition
of the shale. Petrographic thin sections
of the shale, 20 to 50 wm thick and ori-
ented either parallel or perpendicular to
bedding, were prepared for this purpose.
Microfossils were found to be abundant
in several thin sections; transmitted light
oil immersion optical microscopy re-
vealed that the microfossils (i) are entire-
ly enclosed by the argillaceous matrix of
the shale; (ii) are brown in color and are
not birefringent under cross-polarized
light; (iii) are compressed parallel to the
lamination (Fig. 1F), evidently as a result
of postdepositional compaction of the ar-

gillaceous sediment; and (iv) are dis--

rupted by diagenetic feldspar crystals
(Fig. 1G). These observations indicate
that the microfossils are both indigenous
to the shale and syngenetic with deposi-
tion of the mineral matrix.

The filamentous forms (Fig. 1, A to G),
the most abundant component of this as-
semblage, are apparently unbranched,
initially cylindrical structures that were
compressed during compaction of the
surrounding argillaceous sediment. They
range from less than 1 um to 12 um in
width (Fig. 2), lack cross walls or other
evidence of cellular organization (I6),
are oriented parallel to bedding, and oc-
cur as both isolated filaments and frag-
ments of filament mats. They are inter-
preted as representing the preserved
sheaths of at least four species of nos-
tocalean cyanophytes (17).

The spheroidal forms (Fig. 1, H to J)
are smooth-walled, nongranular, unorna-
mented, single-layered structures which
resemble the sphaeromorph Kildinella
Timofeev, 1964 (9). Thirty-seven speci-
mens identified in petrographic thin sec-
tions range from 15 to 60 um in size (Fig.
3); the largest specimen observed in acid
maceration residue measures 108 by 68
pum. The taxonomic affinity of these
spheroidal forms is not well established.
The larger spheroids are significantly
larger than most modern coccoid cy-
anophytes (3, 18) and the absence of any
indication of inner sheath material sug-
gests that they do not represent the com-
mon sheath of a colonial coccoid cyano-
phyte (19). A plausible interpretation,
based on comparison with Phanerozoic
microfossils (20), is that the larger
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Fig. 3. Scatter diagram showing the size range
of spheroidal microfossils measured in shales
from the Newland Limestone (132 cm? was
scanned in 15 thin sections oriented parallel to

bedding).

spheroids represent the encystment stage
of eukaryotic algae (5, 21).

The Newland Shale microfossils are of
interest for the following reasons: (i)
they represent, at least in part, a plank-
tonic assemblage and thus add to our
knowledge of Middle Proterozoic life be-
cause such organisms are not commonly
represented in the more frequently stud-
ied benthic mat, chert-facies microbiotas
2, 4-6, 10, 11); (ii) the spheroidal micro-
fossils resemble Soviet and European
shale-facies microfossils of a type con-
sidered useful for biostratigraphic corre-
lation, thus providing the opportunity to
further delineate the usefulness of such
microfossils for intercontinental biostra-
tigraphic correlation of Proterozoic sedi-
mentary sequences (6, 9); (iii) the larger
spheroids may have eukaryotic affini-
ties; (iv) they illustrate the feasibility of
studying shale-facies microfossils direct-
ly in petrographic thin section (22); and
(v) they are the oldest (about 1.4 x 10°
years old) shale-facies microbiota pres-
ently known from North America.
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Autoradiographic Image Intensification: Applications in

Medical Radiography

.

Abstract. The image of an 80 to 90 percen} underexposed medical radiograph can
be increased to readable density and contrast by autoradiographic image intensi-
fication. The technique consists of combining the image silver of the radiograph with
a radioactive compound, thiourea labeled with sulfur-35, and then making an auto-

radiograph from the activated negative.

Minimizing the x-ray dose received by
patients during medical examinations
and maximizing the quality of the radio-
graphs are subjects of current concern to
both the medical profession and the pub-
lic (/). Some conflict is inherent in the
two objectives because higher-quality ra-
diographs—that is, those which convey
more information to the physician—usu-
ally require higher exposure levels. Re-
cent gains in quality or exposure reduc-
tion, or both, are due to developments
such as computer processing, electro-
static imaging systems, improvements
in intensifying screens, and scatter rejec-
tion techniques (2). The experiments re-
ported here indicate that additional ex-
posure reductions or quality increases
are possible with postdevelopment

autoradiographic image intensification.

Radiographs which are normally clas-
sified as ‘‘badly underexposed’’ actually
contain most of the information which
was intended to be recorded by the origi-
nal exposure. Autoradiographic inten-
sification effectively retrieves this in-
formation by increasing the image den-
sity and contrast to readable levels. The
intensification occurs on an autoradio-
graph made from the underexposed film
after the original image silver has been
chemically combined with a radioactive
isotope (3). While the theory of autora-
diographic intensification has been
known for many years (4), the possibility
of its widespread application has recent-
ly been realized through the develop-
ment at the Marshall Space Flight Center
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of a simple, efficient radiochemical tech-
nique employing thiourea labeled with
sulfur-35 (5). Although the procedure
was developed for use in astronomical
research, some of the most valuable ap-
plications may be in the field of medical
radiography (6). These include reduction
of the x-ray dose, since underexposed
radiographs can be intensified after de-
velopment; elimination of retakes neces-
sitated by accidental underexposure; and
maximum use of exposures with a high
detective quantum efficiency (DQE),
such as those made with scatter rejection
devices, which can cause underexpo-
sures (2, 7).

With the cooperation of scientists
from Vanderbilt University Hospital, we
determined the range of underexposures
which can be adequately intensified by
autoradiography. We found that, in gen-
eral, radiographs underexposed by as
much as 80 to 90 percent produce auto-
radiographs which compare favorably
with optimum exposures. Some of the
radiographs used for this research were
inadvertently underexposed in routine
clinical situations, and others were delib-
erately underexposed.

The underexposure limit for a com-
monly used film-screen system, DuPont
Lo-Dose (single-coated film), was deter-
mined from experiments with radio-
graphs of the abdominal area of an ana-
tomical phantom. An optimum-exposure
radiograph was made at 120 kV and 450
mA-sec. Underexposures were made
(with no change in tube voltage or sub-
ject distance) at 100, 50, and 20 mA-sec
(that is, underexposures of 78, 89, and 96
percent). Autoradiographs of the under-
exposed film were made and compared
with the normal-exposure radiograph.
The contrast and visible detail on the
autoradiographs made from the 78 and 89
percent underexposures were about the
same as on the normal radiograph. Fig-
ure 1 shows optimum paper prints (§) of
the normal exposure radiograph, the 89
percent underexposure radiograph, and
the autoradiograph of the 89 percent un-
derexposure. The limiting case was the
96 percent underexposure; there was ab-
solutely no visible image on the radio-
graph, and while the autoradiograph pro-
duced an image, it was of unacceptably
poor quality. An example of accidental
underexposure with the same film-screen
system is shown in Fig. 2, where an un-
derexposed mammogram may be com-
pared with the corresponding autoradio-
graph. All autoradiographs were made
on Kodak industrial films with exposure
times of 2 to 12 hours (9).

The method of radioactivating radio-
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