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PREFACE

The volume contains papers which have been accepted for
publication by the Program Committee of the Conference on
Planetary Volatiles. Papers were solicited which address
one of the following major topics:

1. Initial and present volatile inventories and
distributions in the earth, other planets,
meteorites, and comets

2, Observational evidence on the time history of
volatile transfer among reservoirs

3. Volatiles in planetary bodies, their mechanisms
of transport, and their relation to thermal,
chemical, geological and biological evolution

The Program Committee consists of A, L. Boettcher (University
of California, Los Angeles), S. Chang (NASA, Ames Research
Center), J. Kasting (NASA, Amee Research Center), R. O0'Connell,
Co-Convener (Harvard University), R. O. Pepin, Co-Convener,
(University of Minnesota), J. B. Pollack (WASA, Ames Research
Center), N. H. Sleep (Stanford University), and W. R. Van Schmus
- (University of Kansas).

Logistic and administrative support for this conference has been
provided by Pamela Jones and LeBecca Turner (Projeets Office,
Lunar and Planetary Institute). This abstract volume has been
prepared by Karen Hrametz and Linda Kofler (Publications Office,
Lunar and Planetary Institute).

Papers are arranged alphabetically by the name of the first
author. Indices by subject and author are provided.

The Lunar and Planetary Institute is operated by the Universities

Space Research Association under contract No. NASW-3389 with
the National Aeronautics and Space Administration,
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THE MANTLE ATMOSPHERE~HYDROSPHERE SYSTEM AND THE GEOCHEMICAL CYCLE
FOR VOLATILE ELEMENTS,

C.J. Allégre, Laboratoire diw Z&ochimie,Institut de Physique du
Globe, 4 Place Jussieu-75230 Paris cedex 05~France.

Atmosphere and hydrosphere systems have been formed (at least partially)
by outgassing mantle processes, On the other hand, subduction processes inject
into the mantle some material coming from the surface of the Earth, The
(mantle) + (atmosphere + hydrosphere) can therefore be modelled as a two-
reservoir complementary-coupled system. On the other hand, atmosphere, hydro-
sphere and sediments are linked by a set of equilibrium conditions, and the
mantle can be divided into upper and lower mantle. The overall cycle also has
a leak, which is the transformation of sediments into continental crust, Such
complex systems can be described by coupled differential equations, and the
time evolution can be examined using phase plane techniques in both linear and
non linear cases. We have treated successively the three important cases :

a) evolution of concentration of volatile elements

b) evolution of mantle isotope ratios

c) evolution of radiogenic isotopic ratios
The models have been applied to different types of volatiles including rare
gases, carbon, nitrogen, water, and chlorine. We can then model quantitative-
ly the evolution of the mantle and the earth's surface through geological time
under various conditions. The different elements are described by their trans-
fer functions and their residence time in both reservoirs; the modelling
results lead to major distinctions between the geochemical cycles of the
various elements.
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OXIDATION STATES OF THE UPPER MANTLE AND CONTROLS ON
EVOLVED VOLATILES. R.J. Arculus, D,A, Gust® and R.D. Holmes,
Research School of Earth Sciences, Australian National University
P.0. Box 4, Canberra, A.C.T. 2600, Australia, “Current address:
N.A.S.A., L.B.,J. Space Center, Houston TX 77058.

New measurements of the intrinsic oxygen fugacities (£03's)
of (1) peridotites, (2) megacryst spinels, (3) kimberlite-hosted
megacryst-ilmenite, and (4% alkali basalt-hosted magnetite-bear-
ing cumulates have revealed dramatic variations in the redox
state of these mantle-derived materials, These variations in
f0y may exceed six orders of magnitude, and have signif.sant imp-
lications for the characteristics of mantle~derived voiatile
species (volcanic gases) in the system C-H-0-S,

Type 1 (chrome diopside type) spinel peridotites from wide-
ly dispersed localities in Australia, U.S.A., West Germany and
Japan have intrinsic £09's close to the iron-wiistite (IW) buffer
curve in T-f09 space., Other intrinsic fOp data consistent with
a reduced upper mantle have been published for marine-erupted
Hawaiian basalt!, the Bushveld? and Skaergaard® intrusions..

It has previously beeui argued" that a primitive terrestrial
atmosphere buffered by an upper mantle close to IW in oxidation
state, would include a large component of reduced gas species
(e.g. Hp, CO, HpS) in addition to predominant CO,-Hyp0-SO,. How-
ever, subsequent measurements on rarer upper mantle-derived rock
types and mineral species have revealed that oxidation states
considerably higher than IW may exist in the upper ma‘'ile.

For example, megacryst ilmenites associated with several
southern African kimberlite pipes have intrinsic £09's close to
the Ni-Ni0 (NNO) and FeSi04-8i0 ~-Fes0, (FMQ) buffers, and disp-
lay a coherent variation of intriInsie "£09 as a function of
FepO3/Fe0 ratios, Similar values have been obtained for mega-
cryst ilmenite from the alnditic breccia pipes in the Solomon
Islands, Type 2 (aluminous augite type) peridotites from San
Carlos and magnetite in cumulates from alkaline rock types in
eastern New South Wales (Australia) are also close to6 or more
oxidized tHan tHE"NNO buffer (logyyf0, = -9.0 at 1000°C), We
note that in nore of our experimengs conducted with CO9~CO fur-
nace gases has any autoreduction, attributed by others to the
presence of carbon in the samples, been observed.

Type 1 peridotites are regarded by most petrologists as rep-
resentative of the major portion of the shallower upper mantle.
However the volumetrically minor sample represented by type 2
peridotites and by other deep-seated volcanic rock types point to
the existence of strongly oxidized source areas in the upper man-
tle. Because these oxidized sources are associated with volatile
-rich magmatism, their influence on the composition of erupted
volcanic gases may be considerahle in spite of their limi.ad
volume.

These observations prompt several important questions: (1)
What are the relative proportions and significance of these var-
ious oxidation states within the upper mantle and what are the
implications for volatile species associated with these zones?
(2) What are the origins of these variable oxidation states?

(3) How long has the dispersion in oxidation states in the upper

A



MANTLE OXIDATION STATES
Arculus, R,J, et al.

mantle persisted?

Possible explanations for the development of contrasted oxi-
dation states in the upper mantle include: (1) long term (Ll Gyr)
recycling of ancient subducted lithosphere® and associated cxrus-
tal layers previously exposed to hydrosphere-biosphere activit
which may result in the localised oxidation of the mantle®; (2?
Alternatively, oxidation may result from the upward fluxing of

volatiles derived from zones in the lower mantle where segregatn
ion of Fe3+-bearing silicate-oxide assemblages from core-forming
Fe metal (produced during Fe2¥ disproportionation reactions) has
taken place. Consequences of both these processes are that act-
ive tectonic recycling of lithosphere and the large mass of the

Earth (which allows Fe2¥ disproportionation) may be the most imp-
ortant factors determining the relatively oxidized nature of the

terrestrial upper mantle compared with small terrestrial planets
(Mars, Moon, Mercury),.
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FLUID INC(USIONS IN METEORITES: DIRECT SAMPLES OF EXTRATERRESTRIAL
VOLATILES. L.D. Ashwal (1), M.T, Colucci (1,2), p. Lambert (3), D.J, Henry(3)
and E.K. Gibson, Jr.(3) (1) Lunar and Planetary Institute, Houston, TX
(2) Rutgers Univ., New Brunswick, NJ (3) NASA Johnson Space Ctr., Houston, i

Fluid inclusions have been found in 9 meteorites (both falls and finds)
representing a wide variety of petrologic classes and types: diogenite ALHA
77256 and chondrites ALHA 77230 (L4), ALHA 77299 (H3), Bjlirbole (L4), Faith
(H3), Holbrook (L6), Jilin (H5), Peetz (L6), and St. Severin (LL6). Ample
petrographic and other evidence exists to conclude that the inclusions are not
artifacts introduced frem terrestrial sources or during sample preparation (1).

Petrographic examination reveals that all these meteorites have experi-~
enced a complex sequence of events. For diogenite ALHA 77256 these include,
from oldest to youngest: {A) ¢rystallization and accumulation of orthopyroxene,
(B) sTow cooling in a plutonic environment, (C) shock induced fracturing,

recciation, and planar deformation (P>206Pa), (D) thermal metamorphism (T2
900°C)(2), (E) mild shock (P<20GPa). A1l chondrites examined show evidence
of r% %east some shock and/or thermal effects possibly analogous to (C-E) of
AL#e 77266, Fluid inclusions are generally restricted to large (1-2 mm),
primary (?) orthopyroxene crystals in the diogenite, and to clear, transparent
olivine in chondrules or chondrule fragments in the chondrites. Inclusions
appear to be absent from mechanically deformed (i.e. highly fractured or
brecciated) areas in all samples.

Two types of inclusions have been identified. Type 1 inclusions are most
abundant and occur(in all 9 meteorites) either isolated or in small clusters.
These inclusions have the following common properties: (a) variable shape and
size (generally 5-10 um or less; up to Too/um),‘(b) presence of 2 phases
(Tiquid + vapor) at Tyoom? (c) broad v :inge of homogenization temperature (Th)
of L+V to L within individual meteorites (T, = 30° - 300°C with no preferred
value), (d) apparent difficulty in observing freezing phenomena, i.e. recog-
nition of an observable crystalline phase at Tow (-180°C) temperatures, (e)
continuous decrease in vapor bubble volume on heating from -180°C to Th, and
(f) strong fluorescence levels during Taser Raman spectroscopic (LRS) analysis.
Properties (a-c), along with an observed Raman vibration band at 3200-3600 cm“1
in ALHA 77256 (1) are consistent with an aqueous fluid, but the fluid cannot
. be pure H,0 because of (d-f). Warner et al. (1) inferred a Targe solute con-
tent, possibly salts, based on observations of change in vapor bubble morphol-
ogy from deformed to spherical at ~20° to -25°C. Recent work indicates that

?
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Ashwal, L.D. et al.

complex hydrocarbons may be an important constituent of these fluids (3), Evi-
dence Includes: (i) fluorescence of the inclusions under UV excitation, (i1)
precipitation of graphitic material within the inclusions during some LRS
experiments, (i11) detection of a broad Raman band at about 2900 cm'l, char-
acteristic of C~H stretching. The broadness of this LRS signal suggests a
higher aliphatic hydrocarbon than simple methane. Type 2 fluid inclusions,
identified thus far in diogenite ALHA 77256 and L4 chondrite Bjﬁrbole ocecur
exclusively along healed fractures. In the diogenite, these are parallel to
major shouk=-induced fractures produced during event (C) above. Preliminary
microthermometry on type 2 inclusions suagests that their compositions may be
different than type 1 inclusions,

IMPLICATIONS: (a) The similarity of fluid inclusions in the chondrites
and the diogenite may have implications which bear on current theories as to
where meteorites come from. Plausible sources of fluids available for inter-
action with meteoritic material include hydrous or carbonated minerals, such
as are present in carbonaceous chondrite matrices, and ices. These fluids
may have been released from either source by heating due to impact processes
(4) or to radionuclide decay (possibly of short-lived radionuclides such as
26A1 (5,6)). The origins of these fluid inclusions must await further char-
acterization of thair chemical compositions and distributions. (b) Different
generations of tluid inclusions can be identified in these meteorites despite
their complex histories. It appears 1ikely that such inclusions are able to
survive (but perhaps not intact) moderate shock and thermal events. This is
in agreement with fluid inclusion studies of terrestrial impactites (7), and
with our observatioins of surviving fluid inclusions in microcline which had
been experimentally shocked at about 20 GPa. (c) A better understanding of
the relatjonship between the observed fluid inclusions and the shock and
thermal events must await experiments which address the behavior of such
inclusions during varying shock conditions.

REFERENCES: (1) Warner, J.L. et al. (1982) Proc. Lunar Planet. Sci.
Conf. 13th, in J. Geophys. Res., in press. (2) Hewins, R,H. (1981) Lunar &
Planet. Sci. XII, p. 445-446. (3) Adar, F. et al. (1982) Meteoritics, in
press. (4) Lambert, P. and Lange, M.A. (1982), this volume. (5) Lee, T. et al.
(1976) Geophys. Res. Lett. 3, 109-112, (6) Irvine, W.M. et al (1980) Nature
283, 748-749. (7) Pagel, M. et al. (1975) Fortschr, Mineral. 52, 479-489.
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MODEL STUDIES OF 0,-BIOTA COUPLING IN THE PRECAMBRIAN
M. E. Baur, Department of Chemistry, University of California,
Los Angeles, CA 90024

Microorganisms capable of 0, respiration play an important
role in setting the boundary betWeen oxic and anoxic zones in
present terrestrial soil and water environments, The division
of environments into such zones indeed may reflect the markedly
nonlinear behavior predicted by coupled kiuetic equations for
microbial growth and oxygen utilization in the presence of an
initial mild Oy gradient, If this type of kinetic model is
applied to presumed Precambrian conditions, we reach the somewhat
paradoxical conclusion that the development of fully anoxic zones
could not occur until an Op-dependent biota had evolved, that is,
until atmospheric Oy levels had reached some critical value in
late Archacan or early Proternzoic time. Sequestering of reduced
carbon in such anoxic zones may have acted in turn to accelerate
atmospheric 0, buildup, yielding a pronounced positive feedback
effect between the rise in 0, and the proliferation of Oy res-
pirers., If such a mechanism were indeed operative in late Archaean
or Proterozoic time, then a quite rapid, even cataclysmic, rise
in ambient 0, levels may have occurred.

= g g RS T GRS



ORIGINAL PAGE I3 7
OF PGOR QUALITY

IMPLICATIONS OF STABLE ISOTOPE VARIATION IN A BANDED IRON
FORMATION FOR PRECAMBRIAN VOLATILE RESEROVGIRS M, E. Baur, Department of
Chemistry, University of California, Los Angeles, CA 90024; J, M. Hayes,
Department of Chemistry, University of Irdiana, Blzomington, IN 47405;
and M. R. Walter, P.0. Box 378, Bureau of Mineral Resources, Canberra ».C.T.,
Australia 2601

Powder samples milled from individual microband components in samples of
banded iron formation (BIF) from the Precambrian (2.5 Ga) Hamersley Group of
Western Australia have been analyzed for evidence of variation of 6'3C and 680
in the carbonate component present. The formations sampled included the Marra
Mamba, Mt. Sylvia and Brockman, as well as the non-BIF Wittenoom dolemite. All
the BIF show unequivocal evidence for a sharp and reasonably regular alternation
of 6*%C, with magnetite-rich zones being isotopically lighter. We infer from
this that two distinct mobile carbon reservoirs were present in Hamersley time,
contributing in varying proportion to the carbonate mineral deposited in seciment.
One of these, presumably, was the atmosphere-hydrosphere CO2 reservoir, yielding
carbonate mineral with 63C near zero as on the present earth. The other seems
Tikely to have been biologically coupled and to have contained isotopicaily
very Tight carbon; a possible model is that it consisted of methane produced
biogenically in bottom sediments and oxidized to isotopically Tight CO2 in the
water column. In view of the widespread occurrence of BIF in late Archaean and
early Proterozoic time, such a model suggests that the biosphere was by then
already playing an important role in controlling inventories and transfer of at

Teast some volatiles.
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VOLATILES AND SOLAR-NEBULA MODELS. D.C. Black, NASA Ames Research
Center, Moffett Field, CA

The study of planetary volatiles is a multi-faceted problem which can
be divided into three general subproblems; the formation and evolution of the
solar nebula, the interaction between planets and their environment, and the
physical/chemical evolution of planets. These three are not mutually exclu~
sive, but given the embryonic state of knowledge concerning planetary
volatiles and the potential significance of enhanced knowledge in constrain-
ing our understanding of a variety of planetary and nebular phenomena, these
subproblems are of heuristic value. The focus of this paper will be on the
subproblem of the formation and early evolution of the solar nebula, empha-
sizing possible relationships between events/processes in that formation and
evolution with the general problem of planetary volatiles.

Years of analysis of lunar, meteoritic, and terrestrial samples, and
nearly two decades of spacecraft exploration of the solar system does
not. yet permit specification of even the more fundamental characteristics of
the putative solar nebula. For example, there is no unequivocal evidence as
to the mass of the nebula; was it massive (~1Mgy ) or was it a so-called
"minimum-mass' nebula (~ 0.01-0.0ZM, )? There is &lso no clear evidence as
to the thermodynamic eveclution of the nebula, although the past decade of
meteoritic studies have shown rather clearly that an earlier paradigm in
whith a reasonable portion of the nebula was hot (i.e., » 1500-2000K) is
not consistent with available data.

One can identify at least four aspects of solar nebula fermation and
evolution which relate to the study of planetary volatiles. It would be
useful to know how the elemental and isotopic composition of volatiles, in
both the gas and solid (i.e., dust grains) phases varied in time and space
as the nebula evolved. One would also like to know the evolution of physical
conditions in the nehkula in terms of the way(s) in which those conditions
influence or control the process of planet formation. Finally, one would
like to know the nature of planet-nebula interactions, specifically those
which affect volatile inventories in planetary bodies.

The purpose of this paper is to present a brief rewview of competing
models of the solar nebula, as well as to outline some rather general theo-
retical considerations which delineate generic nebular formation and evolu-
tion behavior. Possible consequences of those theoretical constructs for
studies of planetary volatiles in general, and of the noble gases in
particular, will also be discussed.
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PROGRESS IN THE EXPERIMENTAL INVESTIGATION OF VOLATILE COMPONENTS IN
VAPORS AND SILICATE LIQUIDS AT HIGH PRESSURES: Art Boettcher, Institute of
Geophysics and Planetary Physics and Department of Barth and Space Sciences,
University of Californda, Los Angeles, California 90024

In the mid-60's, we achieved the capability of routinely experimentally
examining the role of H,0 and other volatile components in melting and other
phase transformations at pressures > 10 Kbar, i.e., pressures equivalent to
those iIn the mantle of the Earth. At these pressures, aluminosilicate magmas
(c.g., basaltic) can dissolve > 15 wtZ Ha0 -- L,e,, > 70 moleX (1), At pres-
sures < v 10 Kbar, Hp0-saturated fusion curves of silicate and aluminosilicate
minerals have negative dP/d1 slopes; at higher pressures, they become posi-
tive as a rvesult of the increasing density of Hy0 and also of minerals as the
result of phase transformations (2). 1In 1970, we (3) demonstrated that CO,
1s quite soluble in basaltic liquids at > A 15 Kbar, and this has been sub-
stantiated in many synthetic silicate and aluminosilicate systems (e.g., 4,
5). Thus, at Earth-mantle pregsures, anhydrous, as well as hydrous and/or
carbonated, sllicate systems have fusion curves with positive dP/dT slopes,
but the latter are displaced to lower temperaturas as the result of the
solubility and negative free cnergy of mixing of the 20 and/or €O, in the
silicate liquids. Thus, when the proportion of H;0 and/or CO; is sufficient
to saturate the system and form a vapor phase, the temperature of the begin-
ning of melting and the composition of the first-formed liquids are functions
of the ratio of H,0/C0, (L.e., of the fugacities of these components) (6).
However, when the proportions of C0s and H,;0 ave insufficlent to make all of
the potential Lydrous and carbonate crystalline phases (e.g., amphiboles and
dolomite), the values of HH20 and HCOz are isobarically invariant, and the
Lmperatures of the begilnning of melting and the compositions of the first-
formed liquids are independent of total H,0/C0, (7).

The discovery that €O, reaets with olivines and pyroxenes to form carbon-
ates at depths < 100 km (8) is significant because primary (Mg-rich) carbonate
is extremely rare in mantle~derived samples, suggesting to me that the mantle
may be more chemically reduced (9) than accepted by many petrologlsts, and
reduced C-bearing speciles may be more important. Reactlons similar to the
carbonation of olivines and pyroxenes may also occur in silicate liquids at
about 20 Kbars, explaining the remarkable increase in the solubility of €Oz in
these liquids above this pressure (3, 10, 11). That is, the abrupt increase
in the solubility and freezing-point depression may result from an increase in
the ratio of C0§7/CO2 in the liquid (L, 4, 11l). However, the presence of €G3~
in liquids requires non-bridging oxygen ions (e.g., 4) as well as cations such
as Ca or Na for charge balance, and no COy is expected in melts of S5i0,
composition. Nevertheless, recent experiments in the system $10,-H,0-C0, (12)
reveal that COz is very soluable in the liquid above V20 Kbar, suggesting that
molecular COz is the major, if not the only, carbon-bearing species in the
liquid.

Our recent studies of the melting of silicate and aluminosilicate miner-
als in the absence of vapors (13) and in the presence of Ha0-C0a2 vapors (11,
14) provide thermodynamic data for liquids and vapors at high pressures that
praviously were unobtainable. Nevertheless, problems occur with this approach
because of a lack of knowledge of the absolute solubilities of carbon-bearing
species in the liquids and of the effects of such solubilities on the values
of Yy,0- For example, activity coefficients for H20 determined experimentally
in the systems albite-Hp0-C0s (11) and Si03-H20-C02 (12) yield values of YH,0
in the vapor that are strongly dependent on the ratio of H0/C0; in the vapor,
whereas those determined in the system sanidine-S$i03~H20-C0; are much more
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nearly those of ideal solutions (14). Despite these and other uncertainties,
the experimental approach has enabled us to gain insight into the structures
of silicate liquids and to derive thermodynamic parameters for them. This
approach provides us with much more reliable fusion curves than those cal-
culated from thermochemical data calorimetrically determined at atmospheric
pressure and using metastable glasses rather than stable silicate liquids.
For example, our experimentally determined, vapor-saturated solidi in the
presence of COz~-rich vapors in the system albite-H20-CO2 are hundreds of
Kelvins lower than those previously calculated. Similarly, phase fransforma-
tions in aluminosilicate liquids at high pressures (particularly the aLtv %
ALVI transformation) result in fusion curves that depart markedly from those
calculated from volumetric and thermodynamic data obtained at atmospheric
pressure (13, 15).

Continued experimentation at high pressures, coupled with calorimetric
and spectrographic investigations of liquids, will enable us to more nearly
quantify our understanding of the processes in the interiors of planets that
involve volatile components, including melting and the origins of atmospheres
and hydrospheres.
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MICROBIAL METABOLISM OF ORGANIC MATERIAL PRODUCED BY CHEMICAL
SYNTHESIS IN A REDUCING ATMOSPHERE: IMPLICATIONS FOR
THE ORIGIN OF LIFE

Penelope J. Boston, Dept. of Environmental, Population, and Organismic
Biology, University of Colorado, Boulder, CO 80309

Carol Stoker, Dept. of AstroGeophysics, University of Colorado, Boulder, CO
80309

Tholins, a class of complex organic solids, have been produced under
laboratory conditions using a reducing mixture of gases including methane
and ammonia. (1). Tholin hydrolysis yjelds amino acids. Its pyrolysis
products contain many other compounds of biological significance. We have
isolated a variety of microorganisms which are capable of metabolizing
tho11ns The tar-like tho]1n ?produced by sparking an equimolar mixture of

and CH with 2.6% H,0 vapor) is probably used as a carbon on energy

Brce for these organ1§ Tholin-metabolizers have been obtained from
Utah tarsands, several types of dry Colorado soils, and anaerobic mud
samples. A basal salts-silica gel medium with tholin was used to establish
its use as sole carbon source. No growth was observed in basal salts-silica
gel controls without tholin. Light was excluded to inhibit phototrophs.
Several of the bacterial isolates are sporeformers and some are facultative
anaerobes. The majority of the organisms are microaerophilic, preferring
to grow in reduced oxygen tensions. There is evidence that at least one of
the isolates is a representative of the primitive archaebacierial group.

Production of organic precursor compounds by inorganic chemical means
is a salient feature of virtually every scenario for the origin of life.

In some of these scenarios, a highly reducing atmosphere including the
constituents methane, ammonia and water prevailed on the primitive Earth.
Tholin compounds, which could have provided a source for either the molecular
building blocks of 1ife or potential precursors to them, are easily synthe-
sized in such a reducing atmosphere. ,

Recently a case has been made based on the atmospheric photochemistry
of ammonia (2) and geochemlcal ev1dence that the primordial atmosphere
consisted pr1mar11y of H and N,( In such an atmospheric mix,
however, it is d1ff1cu1t to pgoduce %he rich variety of organic compounds
observed in tholins. '

"he demonstration of microbial growth on tholin has implications for
the chemical environment that lead to the origin of life and early cellular
evolution on Earth. The results suggest that terrestrial organisms originated
in a chemical environment in which tholins were present as a source of
energy and materials, either produced from in situ reservoirs of CH, and
NH, or irtroduced by extraterrestrial menas such as meteoritic 1nfa?1

Information on the growth rates of organisms on tholins may prcvide a
guide to the required concentrations of tholin in the prebiotic and biotic
environment. This in turn will help to set limits on the production rate
or required flux of tholin material into the early biosphere required to
sustain the first organisms, assuming that tholins were the major food
source before the develnpment of primary production mechanisms such as
chemotrophy and phototrophy.

Khare, B.N. and Sagan, C. (1979) Nature, Vol, 277, pp. 102-107
Ferris, J.P. and Nicodem, D.E. (1972) Nature, Vol. 238, p. 268-269.
Hart, M.H. (1978) Icarus 33, 23-39.
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BRINES AT LOW TEMPERATURES G. W. Brass and V. L. Thurmond, Rosentiel
School of Mariné and ‘Atmospheric Science,University of Miami, 4600 Rickenbacker

Causeway, Miami, FL

The freezing point of pure water is relatively high compared to
temperatures prevailing on planetary bodies farther from the sun than
Earth. Aqueous fluids are, however, stable at temperatures as low as
210°K if they are suffic1ent1y's;{£y. In fact, the presence of modest
amounts of those salts with the greatest freezing point depression ef-
fects requires that aqueous brines form by reaction of salt crystals
with ice.

The general rules of freezing point depression are: 1. Sulfates
are less effective depressors than chlorides. 2. Alkaline Earth chlor-
ides are more effective than alakli chlorides. 3. Sodium is more
effective than potassium and calcium more effective than magnesium.

The Tour component system CaC]2 - MgC]2 - NaCl - H20 bedins to
melt at 215°K (~58°C) (Linde, 1958). The effect of ferrous and ferric
iron chlorides in combination with other salts is being investigated
now with the differential scanning calorimeter and the results will
be presented at the meetina along with a suggestion for the production
of the red coloration of the martian regolith.

The ternary phase diagram for the system H20 - CaCl,, - MgC]2

2
shows both a strong freezing point depression at the eutectic, and
the stability of several highly hydrated salts at higher temperatures.
Evaporation of brine leads to the formation of these hydrated
salts which may buffer the water content of planetary surfaces even
in the absence of brine or jce.
Chlorine and sulfur are abundant components of the terrestrial

excess volatiles. Their presence on other planetary bodies is now

well established. Their effect on the behavior of water and ice at
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Tow temperatures is profound and must be taken into consideration in

models of planetary volatiles.

Cc
uCIz

CaClp:6Ha0

(Figure reproduced courtesy of Academic Press, Inc.)

Stability fields in the system H20 - CaCl2 - MgC]z, from
Brass, 1980.
REFERENCES
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Linke, W.F. (1958) Solubilities of Inorganic and Metal-Organic
Compounds (2 volumes) Van Nostrand, New York.

13



14

ORIGINAL PAGE {8
OF POOR QUALITY

WAS THE EARTH'S ATMOSPHERE AMOXIC BETWEEN 3.8 and 2.0 GA AGO?

Kevin Burke, Department of Geologjcal Sciences, State University of New
York at Albany, New York, 12222 and Lunar and Planetary Institute, 3303
NASA Road 1, Houston, Texas 77058.

Attempting to assess the character of the ancient atmosphere from
preserved Archean rocks is exceedingly difficult. Although a substantial
proportion of the continental volume had fractionated from the mantle by
2.5 Ga ago, only about 2% of continental area exposes Archean rocks that
have not been subsequently highly metamorphosed. More than half of this
relatively unaltered terrane consists of plutonic rocks and volcanic rocks
(mainly erupted under water) make up most of the rest. Archean sediments
which constitute a relatively small volume of all Archean rocks were mostly
deposited under water although some are fluviatile in origin. Diagenesis,
usually under reducing conditions and low-grade metamorphism, have modified
all ancient sediments. Curtis (1977) wrote "one thing is clear: it is
difficult to 1ink the mineralogy of ancient sediments with the composition
of the atmosphere - only with the combined atmosphere/hydrosphere system".

Because of the prevalence of diagenetic modification some of the
strongest evidence of the composition of the ancient ocean comes, somewhat
paradoxically, from the occurrence of pseudomorphs. Gypsum pseudomorphs
occur in the Barberton ( >3.4 Ga) and Pilbara ( >3.4 Ga) terranes. The
implied occurrence of sulfate jons in ancient seawater seems indicative of
at least slightly oxidizing conditions (but see Clemmey and Badham, 1982
and Lambert et al. 1978 for discussion of the significance of these
occurrences). By the Early Proterozoic, evidence, [usually
pseudomorphous], of gypsiferous evaporites is relatively common (e.g.
Badham and Stanworth, 1977).

The close resemblance between the structures of Archean stromatolites
and those of today which are built by photosynthesizing, oxygen-producing
cyanophytes suggests that the ancient structures were produced in the same
way indicating that free molecular oxygen was being released to the
atmosphere-hydrosphere system by 3.5 Ga ago. Archean stromatolites are
quite abundant, in spite of forming in environments in which preservation
is relatively unlikely, indicating that molecular oxygen release associated
with stromatolites was probably early a widespread phenomenon.

The occurrence of sediments and residual deposits which are red
because of the presence of ferric iron is a strong indication of oxidizing
conditions. Archean red beds, for example, in the Lake Shebandowan area of
the Superior Province (Shegelski, 1980), have been interpreted as inciudin
both primary red beds (those involving the deposition of detrital hematite?
and secondary red beds (involving diagenesis by oxidizing interstitial
fluids). Gay and Grandstaff (1980) have described, from heneath Huronian
sediments at El1liot Lake, an approximately 2.3 Ga old soil profile on
granite which shows both iron-enrichment and oxidation. Subaerial residual
soil profiles are 1ikely to be among the most direct indicators of ancient
atmospheric chemistry. Beneath an oxidizing atmosphere whether profiles
are oxidized or reduced depends primarily on the position of the
water-table; beneath a reducing atmosphere only reduced profiles form.
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Ancient detrital uraninite has long been cited as evidence of a reducing
atmosphere, but Simpson and Bowles (1977) showed that all the detrital
grains from the Witwatersrand basin which they studied contained more than
1% Th 0, and were similar to the thorian uraninites that survive today in
e sedeents of the Indus River under the modern oxidizing atmosphere.

Precambrian iron-ores have sometimes been considered related to a
reducing atmosphere. Here again Curtis' (1977) comments are relevant:

"At the present time (and through the Phanerozoic) almost all the
oxidized iron entering the sedimentary column is reduced by organic
matter"....... "Rather rare circumstances allow for oxidized sediment
preservation: either a lack of deposition of organic matter within
rapidly deposited terrestrial detritus from arid environments or its
complete destruction within the uppermost oxidizing laver of extremely
slowly deposited sediments. The predominance of reduced sedimentary
iron minerals within the fragmentary Pre-Cambrian record therefore is
not, of itself, very convincing evidence of a reducing atmosphere."

At one time there was a suggestion that most Precambrian iron-ores had
formed at about the same time ~ 2.0 Ga ago possibly marking a transition in
the oxidatjon state of the atmosphere. More dating has shown that some
iron formations are older and many are younger than this age. There is no
great concentration of iron fourmation of one age and even if there was it
would be more likely to relate to selective preservation rather than
selective formation, If there is a peculiarity of Precambrian iron ores it
1ies in their large numbers and the great size of individual deposits (Gole
and Klein, 1981), Whether these properties indicate geochemically
different conditions from today is not clear. What is clear is that we do
not understand very well how Phanerozoic iron-ores were formed apd that
Precambrian iron-ores are themselves quite varied (Kimberley, 1978).

In conclusion it appears that evidence of an early anoxic atmosphere
is less strong than was once thought and that numerous processes, but
especially diagenesis, render making inferences about the oxidation state
of the ancient atmosphere/hydrosphere system very difficult. Specifically
isotopic compositions of such elemerits as sulfur and oxygen are more 1ikely
to reflect conditions at diagenesis than te reflect the composition of
contemporary seawater.
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COMPOSITIONAL CLUES TO THE HISTORY OF THE TERRESTRIAL PLANET
ATMOSPHERES, A.G.W. Cameron, Harvard College Observatory, Cambridge, MA 02138,

Much has been made of the so-called “gradient® in the abundance of 36Ar in going from
Venus to Earth to Mars. Attempts to interpret this have led to some strange views of processes in
the primitive solar nebula. However, my work on other aspects of the history of the Earth-Moon
system has led me to suspect that the history of the Earth's atmosphere should have been quite
unlike that of any of the other terrestrial planets. Viewed in this light, the abundances of the
noble gases in the three terrestrial planet atmospheres would no longer form a *gradient”,

The anthopomorphic tendency Is to assume that the Earth represents the normal condition,
and that departures from it are anomalies which need investigation. However, in this case it
appears to me more likely that Venus represents the normal condition for the abundances of the
noble gases, and the Earth represents the anomaly. The reason for this has to do with the
presence of the Moon, which is itself 4 very ancmalous body, and the likelihood that the formation
of the Moon involved the Earth in an energetically violent episode,

The pattern of the noble gases in the terrestrial planet atmospheres resembles typical
patterns of these trapped gas abundances in meteoritic materials. For a long time this has been
very reasonably interpreted as implying that the bulk of the atmospheres were derived from solids
impacting onto the planets during the accumulation process, rather than implying that the the
gases were some sort of remnant of a concentration of the primitive solar nebula toward these
gravitating bodies. | accept this interpretation. The simplest a priori expectation is that Venus
and the Earth, being of about the same mass and mostly outgas-ed, would have about the same
initial armospheric content of the noble gases. This is consistent with the fact that the planetary
COy contents of these two objects seem to be about the same. Mu s has a much smaller
atmospheric mass per unit mass., Unless one is prepared to assume that outgassing has been
grossly inefficient, it follows that Mars has suffered the bulk loss of a major part of its
atmosphere, probiably from collisions of incoming planetessimals.

If one accepts the above point of view, then it follows that the Earth must also have suffered
a bulk loss of a major part of its atmosphere, in order to reduce the xenon to an intermediate
level between that of Venus and Mars. In the case of the Earth, one cannot suggest that this has
resulted from planetessimal impacts, for similar impacts would have prod