
TECHNICAL COMFiiENTS 

Algae and Oxygen in Earth's Ancient Atmosphere 

T . - M .  Han and B. Runneear renort (1 )  10pl"AL 0,. These "oxveen oases" 
\ ,  , L, 

finding eukaryotic microfossils, tentatively might therefore have provided localized 
identified as Grybania.  in  the 2.1-billion- habitats for earlv eukarvotes before the or- 

< L  , 

year-old Negaunee iron formation in north- igin of an 02-r ich atmosphere. 
ern Michigan. They suggest that free oxy- Kasting's model of a diffusion-limited 
gen (0 , )  was a significant component of the rate of escape for 0, from the ocean 
atmosphere between 2.0 and 2.5 billion surface would work if the primary produc- 
vears aeo on the basis of the metabolic tion beneath the oases were as hieh as that 'z 

requirements of these organisms. This argu- found in modern areas of upwelling (C,  
ment does not account for the oossibilitv 0.5 to 10 e tnp2 davp')  and if all of the 0, 
(2) that ocean surface waters m~gllt  havk stayed close to wheie it was produced.  he 
been locallv enriched in ~hotosvntheticallv model would not work if the Archean 0, 
derived o;, while the 'atmosbllere itself oases were less productive than the mod: 
remained free of 0,. Present rates of marine ern net euphotic zone (average production 
photosynthesis and of diffusive loss of 0, of C equals about 0.1 g m p 2  dayp') (2) or 
through the ocean-atmosphere interface if the O2 were transported away from the 
sueeest that dissolved 0, concentrations oases bv currents. In either of these cases, L , ~ ,  

could have been up to eight times higher the O2 tension in an oasis would have 
than the 0.01 presenc atmospheric level fallen below 0.005 PAL and thus would 
that is needed to sustain Grypan ia  (2). The have been insufficient to suppcrt aerobic 
existence of an attllosphere free of 0, before respiration (3). 
about 2.0 billion years ago would be con- In modern oceans, upwelling water 
sistent with several other types of geologic masses provide the nutrients to support 
evidence cited in (3). areas of high productivity. The slow upward 

James F. Kasting circulation (about lop '  m s - ' )  translates 
Department of Geosciences, into surface currents with velocities of tens 

Pennsylvania State Unioersity,  of centimeters per second (4). As these 
University Park, P A  16802 surface currents are four orders of magni- 

tude faster than the 0, transport acrossthe 
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Response: In a recent book ( 1 1 ,  Kasting has 
used a modern value for C of 1 g mp2 dayp1 
(1.2 x g ln-, sp') for the "primary 
production by phytoplankton in regions of 
high productivity" as an estilnate of the 
02-producing capacity of optimal regions of 
the Archean and early Proterozoic oceans. 
All of the 0, resulting from this production 
(lo-' mol m p 2  sp') was assumed to have 
been involved in outgassing by diffusion 
through the stagnant film at the ocean 
surface. Kasting estimated ( 1 )  (by dividing 
the assunled rate of 0, production by a 
calculated transport velocity of 5 x lo-' m 
s f '  across a 40 um-thick unstirred bound- 
ary layer) that iroductive parts of the sur- 
face ocean could have retained as much as 2 
x mol of 0, per liter (0.08 PAL 0 , ) ,  
where PAL represents the present atnqo- 
spheric level, in disequilbrium with an an- 
oxic atmosphere containing as little as 

one-way flux of 0, some 4 mol m p 2  yearp' 
(about 2.5 x mol mp2 s-') or about 
one-fourth the production rate of Kasting's 
proposed oases. So, if surface currents in 
the Archean and earlv Proterozoic oceans 
merely increased the effective area available 
for air-sea exchange by diluting 0,-contain- 
ing waters, all the O2 produced in seasonal 
phytoplankton blootlls could have been 
outgassed. 

Kasting ( I )  is correct that oxidized 
chetllical precipitates (for example, banded 
iron formations) do not necessarily provide 
evidence of an 0,-rich atmosphere. How- 
ever, the same argument should not be 
applied to the retnains of megascopic eu- 
karyotes such as Grypan ia  spiralls because 
those organistlls required that an 0, tension 
of 0.01 to 0.1 PAL be tllaintained during - 
their lifetitnes (weeks to months). Kasting's 
proposed oases might have existed as tran- 
sient phenotllena beneath an anoxic atmo- 
sphere, b t ~ t  it is unlikely that they could 
have been stable for loneer than hours or 
days given the factors that would have 
tended to dissipate them (episodic 0, pro- 
duction, fast surface currents, high winds, 
and rough seas). Therefore, the discovery of 
Grypania in 2. l-Sillion-year-old rocks (5) is 
an indication that the atmosphere as well as 
the surface ocean contained at least 10p2 
PAL of O2 (3, 6) .  
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Laser-Enhanced N MR Spectroscopy: 
Theoretical Considerations 

W. S. Warren et al. ( I )  report that the 
proton magnetic resonance spectra of clliral 
molecules are modified slightly by circularly 
polarized laser light. While it is not unex- 
pected that circularly polarized radiation 
can influence chiral molecules (21, the 
large magnitude of the reported results is 
surprising. From conservation of parity, and 
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under the conditions of the experiment, the 
relevant energy shifts per randotllly orient- 
ed molecule show several simple relations 
(Table 1).  The chemical shielding of a 
chiral molecule in right circularly polarized 
light tnust be the same as its enantiomer in 
left circularly polarized light. However, the 
splitting of nuclear magnetic resonance 
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