Reports

Algal Fossils from a Late Precambrian, Hypersaline Lagoon

Abstract. Organically preserved algal microfossils from the Ringwood evaporite
deposit in the Gillen Member of the Bitter Springs Formation (late Precambrian of
central Australia) are of small size, low diversity, and probable prokaryotic affinities.
These rather primitive characteristics appear to reflect the stressful conditions that
prevailed in a periodically stagnant, hypersaline lagoon. This assemblage (especially
in comparison with the much more diverse assemblages preserved in the Loves
Creek Member of the same formation) illustrates the potential utility of Proterozoic
microbiotas for basin analysis and local stratigraphic correlation and demonstrates
the need to base evolutionary considerations and Precambrian intercontinental
biostratigraphy on biotas that inhabited less restricted environments.

Among the major goals in Precambrian
paleontology are (i) establishment of lo-
cal and intercontinental systems of bio-
stratigraphy, (ii) determination of the
time of origin of eukaryotic organisms,
and (iii) development of the ability to use
Proterozoic microbiotas for paleoenvi-
ronmental interpretation and basin anal-
ysis. A recently discovered microflora
from the Gillen Member of the Bitter
Springs Formation has bearing on each
of these objectives. Although significant
in itself, this assemblage becomes partic-
ularly important when compared with
the well-known, considerably more di-
verse, and evidently more advanced
biotas of the immediately overlying
Loves Creek Member (/) of the same
formation.

The Bitter Springs Formation is late
Precambrian in age [740 = 30 to
1076 = 50 million years old 2, 3)] and
crops out along the northern margin of
the Amadeus Basin in central Australia
@). It is about 1000 m thick and consists
of two members, the Loves Creek Mem-
ber (upper) and the Gillen Member
(lower). The fossils here described are
from the Ringwood evaporite deposit,
which occurs within the Gillen Member
at a location about 100 km east of Alice
Springs. They are preserved in cherty
areas of silicified dolomite sampled from
the 170.7-m level of a Bureau of Mineral
Resources (Canberra) drill core (BMR
Alice Springs No. 3, registration No.
1002; housed in BMR Core and Cuttings
Laboratory).

The fossiliferous rocks are from the
lower part of a marine evaporite se-
quence (5) of the classical barred-basin
type (6). The upper part of the sequence
is characterized by gypsum, gypsiferous
dolomite with rare laminae of arkosic
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silt, and clayey dololutite. The lower
part contains very fine-grained bitu-
minous dolomite, dolomite breccia ce-
mented by coarsely crystalline anhy-
drite, siliceous laminae and oolites, and
disseminated pyrite. Partial silicification
of the dolomite is common. The uniform,
fine-grained nature of the dolomite lam-
inae and lack of replacement textures
suggest that the dolomite formed either
by primary precipitation or by early
diagenetic alteration of calcite or arago-
nite. Much of the silica is secondary al-
though some appears to be primary, per-
haps having formed contemporaneously
with the dolomite as an opaline precipi-
tate similar to that forming today in lakes
associated with the Coorong Lagoon in
South Australia (7).

Geologic data indicate that this se-
quence formed in a warm, restricted, hy-
persaline lagoon inside an offshore algal
reef (5). This interpretation is supported
by organic geochemical data obtained by
McKirdy (8) on extracts from the bitu-
minous dolomite (high naphthene con-
centration, depleted n-alkanes, pristane/
n-C;; and phytane/n-C,g ratios = 1, and
an even-carbon-number predominance
among C,, to C,, n-alkanes). The geo-
chemical data further suggest extensive
bacterial degradation of the algal materi-
al in these sediments 8, 9). McKirdy (8)
concluded that these particular dolo-
mites contain largely indigenous bitumen
and are not significantly contaminated
by migrated, postdepositional hydro-
carbons.

The Gillen Member assemblage is
dominated by spheroidal to ellipsoidal
bundles of densely interwoven tubules
(Fig. 1, A to E) interpreted as the sheaths
of filamentous blue-green algae. The
sheaths are cylindrical, unbranched,
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smooth, and unlamellated. They may be
darkly pigmented (Fig. 1F) and apparent-
ly were quite flexible (Fig. 1E). They
range in diameter from 2 to 10 um (aver-
age 4 um) and appear to be at least 25
times longer than wide. Sheath thickness
ranges from 0.2 to 2.6 um (average about
0.9 um) and commonly is about one-
fourth to one-third of the sheath diame-
ter (Fig. 1F). In rare cases, they contain
thin, single strands of dark particles (up
to 0.5 wm across) which are interpreted
as degraded cellular trichomes (Fig. 1, G
and H). The bundles of intertwined
sheaths and filaments (here referred to as
algal balls; for example, see Fig. 1,
A to C) are commonly 100 to 200 wm
across, at least partially silicified, and
often bordered by rims (about 25 um
thick) of finely granular dolomite (Fig.
ID). The algal balls resemble oolites in
gross morphology and tend to be concen-
trated in discrete layers separated by
continuous organic laminae (Fig. 1A). In
many of the algal balls, the organic mat-
ter is severely degraded, such that fossils
are preserved at the periphery only, in
the center only, or not at all (Fig. 1, B
and C). In size, morphology, and entan-
gled growth form, these fossils resemble
several genera of modern nostocalean
blue-green algae [for example, Symploca
and Plectonema (10)]. They may be re-
lated to the somewhat thinner, inter-
woven tubules that form mats in Strati-
fera-type stromatolites from the Riphean
of the Soviet Union (//) and possibly to
some of the Phanerozoic, oncolite-form-
ing masses of calcified algal sheaths as-
signed to the genus Girvanella (12).
Unicellular fossils are rare in this as-
semblage, but two basic types have been
recognized. Relatively large cells (12 to
14 pm in diameter) occur singly and in
groups of up to four individuals within
the algal balls (Fig. 1, I and K). They
have walls up to 1 um thick that often are
irregularly degraded to form granular
and patchy surface textures (Fig. 1I).
Smaller unicells (3.7 to 7.5 um in diame-
ter; average S um) occur singly and in
enveloped, ‘‘gloeocapsoid’’ clusters of a
few to several tens of individuals (Fig.
1J). These smaller cells generally are in-
terspersed between the algal balls; some
are present within the continuous organ-
ic laminae. The spheroidal fossils in this
assemblage are probably of prokaryotic
affinities, as they are relatively small,
morphologically simple, and lack inter-
nal structures or trilete markings that
might be suggestive of eukaryotic organi-
zation (I3, 14). Some contain irregular
masses of material interpreted as de-
graded cytoplasmic residues (Fig. I, J
and K); these residues are highly vari-
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able in size and shape and lack the struc-
tural integrity, sharply defined bounda-
ries, and other characteristics [see table
1 of (I4)] that typify the organelle-like
bodies in unicellular eukaryotes of the
Loves Creek Member. The larger cells
resemble coccoid microfossils reported
from several other Proterozoic localities
(1, 11, 15-17), while the smaller cells re-
semble morphological variants of Eoen-
tophysalis belcherensis Hofmann from
the middle Proterozoic of Canada and
Australia (16, 17).

The spheroidal shapes of the algal
balls and the uniform thickness of their
individual carbonate rims suggest that
these masses of filaments grew unat-
tached to the substrate. Their concentra-
tion in discrete layers suggests that they
bloomed periodically or were washed in-
to the lagoonal setting episodically from
adjacent localities. The continuous or-
ganic laminae between the layers of algal

balls (Fig. 1A) are generally amorphous,
but their shapes, diffuse crests (Fig. 1L),
and occasional inclusion of small unicells
are features similar to those of laminae
formed from degraded colonies of E. bel-
cherensis in the 1500-million-year-old
Balbirini Dolomite of northern Australia
(17). 1t is possible, therefore, that these
continuous laminae are remnants of E.
belcherensis mats that were almost com-
pletely degraded by bacterial activity
during highly stagnant periods. This
would be consistent with the geochemi-
cal and geological data, the comparison
of the smaller unicells with E. belche-
rensis, the spatial distribution of small
unicells between algal balls, and the
overall low percentage (less than 10 per-
cent) of unicells in this deposit.

In its limited diversity and apparently
prokaryotic nature, the Gillen Member
assemblage contrasts markedly with the
biotas reported from the Loves Creek

Member (/). These contrasts appear to
reflect different environments of growth:
the restricted, periodically stagnant, hy-
persaline conditions during deposition of
the Ringwood evaporite deposit as com-
pared with the more open, shallow ma-
rine depositional environment of the mi-
crofossiliferous units in the Loves Creek
Member [gypsum, anhydrite, and pseu-
domorphs after evaporites are rare or ab-
sent in this latter member (2)]. Indeed,
similar biological differences are well
known in modern algal populations that
live in various subenvironments of the
intertidal to supratidal zone (/8).

The low diversity and prokaryotic na-
ture of the Gillen Member biota could be
interpreted (incorrectly) as indicating a
lack of eukaryotes and a paucity of spe-
cies during this period of earth history,
were it not for the fact that assemblages
such as those of the Loves Creek Mem-
ber are already documented. Instead,

Fig. 1. Optical photomicrographs of organically preserved fossils in thin sections of silicified carbonate from the Gillen Member of the Bitter
Springs Formation. (A) Overview showing typical layers of algal balls separated by continuous, dark organic laminae; (B) algal balls with
microfossils (dark areas) preserved at peripheries, centers, or not at all (pale spheroids); (C) algal ball composed of densely interwoven, tubular
filaments (paler spheroids are unfossiliferous); (D) same field of view as in (C), photographed under crossed Nicol prisms to show carbonate rims
around the algal balls [carbonate rims are also visible in (B)]; (E) higher-magnification view of the algal ball in (C), showing interwoven tubular
filaments; (F) longitudinal sections and cross sections of interwoven filaments, illustrating their thickness and dark pigmentation; (G) algal ball
showing degraded trichomes preserved in centers of some filaments; (H) higher-magnification view of (G), illustrating particulate nature of
degraded trichomes; (I) three unicells preserved within an algal ball; (J) cluster of ‘‘gloeocapsoid”’ packets of unicells; (K) two unicells within a
bundle of filaments; and (L) convex upward portion of an organic lamina, showing diffuse nature of the crest (crestal area contains minute

unicells).
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these features are almost certainly the
result of environmentally stressful condi-
tions that would have excluded contem-
porary eukaryotes as well as many types
of cyanophytes.

This report has shown that geological,
geochemical, and paleontological data
can be used to interpret the paleoecology
of at least some kinds of Proterozoic,
fossiliferous deposits. It also demon-
strates that microbiotas of Precambrian
hypersaline environments, like those of
their modern counterparts, have low
species diversity, are dominated by pro-
karyotic organisms, and consequently
should not be used for inferring the
evolutionary status of the contemporary
biosphere or for considerations of evolu-
tionary trends, such as age-related
changes in algal diversity and size distri-
bution (/9). Comparison of the Gillen
Member and Loves Creek Member as-
semblages provides an excellent ex-
ample of environmental control over the
composition of Precambrian biotas. It
suggests that the two assemblages, and
others of their types, can be useful for
local biostratigraphic correlation, for ba-
sin analysis, and for environmental inter-
pretation.
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Isotope Selectivity of Infrared Laser—Driven

Unimolecular Dissociation of a Volatile Uranyl Compound

Abstract. Isotope-selective photodissociation of the volatile complex uranyl hex-

afluoroacetylacetonate

- tetrahydrofuran [UO,(hfacac), - THF] has been achieved

with both a continuous-wave and a pulsed carbon dioxide laser. The photodissocia-
tion was carried out in a low-density molecular beam under collisionless conditions.
Transitions of the laser are in resonance with the asymmetric O-U-O stretch of the
uranyl moiety, a vibrational mode whose frequency is sensitive to the masses of the
uranium and oxygen isotopes. Unimolecular dissociation is observed mass spectro-
metrically at an extremely low energy fluence, with no evidence of an energy fluence
or intensity threshold. The dissociation yield increases nearly linearly with increasing
energy fluence. At constant fluence the dissociation yield is independent of contact
time between the radiation field and the molecule, indicating that the decomposition
is driven by laser energy fluence and not laser intensity. The oxygen and uranium
isotope selectivities measured in these experiments are nearly those predicted by the
ratio of the linear absorption cross sections for the respective isotopes. Thus, essen-
tially complete selectivity is observed for oxygen isotopes, while a selectivity of only
about 1.25 is measured for the uranium isotopes. A model presented to describe
these results is based on rapid intramolecular vibrational energy flow from the
pumped mode into a limited number of closely coupled modes.

We report here the uranium and oxy-
gen isotope selective unimolecular dis-
sociation of a volatile uranium-bear-
ing complex, uranyl hexafluoroacetylace-
tonate - tetrahydrofuran [UO,(hfacac), -
THF], using either a pulsed or a continu-
ous-wave (CW) CO, laser. Energy is de-
posited in this molecule by excitation of
the O-U-O asymmetric stretch of the
uranyl moiety. This vibrational mode is
in resonance with several of the 10.6-um
transitions of the CO, laser and is spec-
troscopically selective for the isotopes
of both uranium and oxygen. The absorp-
tion spectrum of this vibrational mode
for an oxygen-18-enriched sample is in-
dicated in Fig. 1. The 17-cm™! isotope
shift between U0, and UO®O-bearing
species is greater than the width of the
absorption band and results in spectrally
resolved infrared (IR) bands for the oxy-
gen isotopes. The uranium isotope shift,
however, is only 0.7 cm™!, and although
either uranium isotope can be preferen-
tially excited depending on the laser
transition used, the IR absorption fea-
tures are not spectrally resolved. Thus
we can examine, in the same molecule,
the effects of overlapping and nonover-
lapping IR absorption bands on the iso-
tope selectivity.

Previously we reported (/) the uni-
molecular decomposition of this mole-
cule with a pulsed CO, laser. The results
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described here also demonstrate that a
CW IR laser can induce the unimolecular
dissociation of such molecules. Recently
the unimolecular decomposition of ions
with a CW CO, laser was reported (2).
Multiple photon excitation of uranyl
molecules differs from excitation of
smaller molecules, for which the anhar-
monicity barrier is a critical factor. For
this molecule the multiple photon pro-
cess is postulated to be repeated ex-
citation of the 0-1 vibrational transition
of the O-U-O asymmetric stretch. This
mode relaxes rapidly by an intramolecu-
lar vibrational energy transfer into a
small subset of strongly coupled modes,
leaving the asymmetric stretch in its
ground vibrational state so that sub-
sequent photons can be absorbed. The
vibrational relaxation time is required to
be shorter than 10~? second so that at la-
ser intensities of only a fraction of a
megawatt per square centimeter, the few
CO, laser photons necessary to over-
come the barrier to dissociation can be
absorbed during the laser contact time
with the molecule. This model for mul-
tiple photon excitation and the implica-
tion for IR laser-induced chemistry in
large molecules have been described (/).
The factors concerning the isotope selec-
tivity of this process are described in this
report.
Experimental.

The molecule UO,-
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